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TheJSemi-Annual Index 

As long as this journal was a monthly, the twelve is- 
sues of a year comprised one volume. The change to 
a semi-monthly has made it necessary to divide a year’s 
contents into two volumes in order to keep the size of a 
volume within reasonable limits, and an alphabetical in- 
dex will be published with the last number of each vol- 
ume. Accordingly the present :ssue concludes our four- 
teenth volume and bound into this issue will be found 


our first semi-annual index. 





The Slump in Tungsten 

The inevitable slump in the tungsten market has come. 
It came quickly, and apparently to the surprise of those 
most concerned, viz., the small producers who naturally 
were the optimists and perhaps blinded to or ignorant 
of the economic situation. Outsiders generally had re- 
garded the tungsten market as the most precarious of 
the that had the 


war. 


metal markets been stimulated by 





had the business been so 
profitable; always it had been erratic, experiencing first 
With the sudden de- 


mand created by the war, prices soared to unexpected 


Never before tungsten 


a fat season and then a lean one. 


heights, and while at first producers could scarcely be- 
lieve their good fortune, they later seemed to become 
with the that 
higher and hold for a year or more. 


inoculated idea prices would go still 
The slump resulted primarily from natural causes 
the development of an adequate supply from new and 
obscure or dormant sources, brought forth by attrac- 
tive prices. It took some time to stimulate that supply, 
but when it became visible it loomed suddenly large. 
Boulder County, had 


justly so, as the principal tungsten field in this country, 


Colorado, been regarded, and 
for in 1913 it produced the equivalent of 953 tons of 
60 per cent WO, concentrate, which was 62 per cent of 
the total domestic output and perhaps 12 per cent of 
the world’s production. In 1914, however, first rank 
was taken by the Atolia field in the Mohave Desert of 
California, and Boulder dropped to second place with 
an output of only 467 tons, or 47 per cent of the domes- 
tic output. 
able for tungsten production, which probably accounts 
for Boulder’s loss of prestige. In the early part of the 
year prices were low, ranging around $6.50 per unit for 
60 per cent WO, concentrate. The outbreak of the war 
first paralyzed and later stimulated the market until 
toward the close of the year the price rose to $9 per 
unit, which was a highly profitable figure. 

It was not until late in 1915 and early in 1916, how- 
ever, that the boom prices became manifest. In 
Boulder County they rose rapidly to as high as $90 


The year 1914 was not particularly favor- 
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per unit, though a story of mine promotion and stock 
jobbing is said to have been connected with that fancy 
price. At all for 
large quantities of concentrate and producers became so 
About 
two months ago one small preducer actually refused 
$82.50 per unit, holding for $100; just lately he sold 
for $20 and was glad to get it. 


events, $75 per unit was realized 


optimistic as to have visions of a $100 market. 


It is reasonable to assume that the possibilities of 
production from obscure sources were not appreciated 
in the larger districts of Boulder and Atolia; but the 
fact remains that from sporadic occurrences of tungsten 
South Dakota, Utah, Arizona, Mexico, 
Idaho, and parts of Colorado other than Boulder County, 
a considerable output was forthcoming. 


ore in New 


Imports also 
grew, shipments from South America and Japan swell- 
ing the domestic supply. The foreign product, more- 
over, Was in some cases higher in grade than our own, 
and proportionately more desirable. The inevitable re- 
sult was a satiated market. 

The situation at the present writing is about this: 
With the exception of a few large producers who have 
their own eastern connections, independent operators 
are unable to market concentrates. Buyers say that 
there is a plentiful supply in the East, and while there 
is still a nominal market in the West, the producers 
have completely lost control of it. From $75 per unit 
the nominal market has siumped rapidly to $50, $40, 
$30 and even $25 without arousing any eagerness to 
buy. A still further drop is anticipated among buyers 
until the level is reached at which imports will be un- 
profitable, especially under the ocean freight rates now 
prevailing. They look for a base price of perhaps $12 
to $15 per unit 
at that 


, and think the market may be stabilized 
figure. But even such a market, if open and 
As 
for the future of producers, it will be a case of the 
fittest 


steady, would be a boon to the tungsten industry. 


surviving. Good mines served by modern con- 
centrators will stay longest in the field; the adventitious 
operator with poor equipment must retire. 





Production of War Steel 

Statistics of the production of finished steel in the 
United Kingdom in 1915, just made public, suggest that 
the production of shell steel in England has not been as 
large as usually surmised, and our own production of 
this material, whether exported in finished or unfin- 
ished form, becomes relatively more important. 

Unfortunately the British statistics lack precise de- 
tails on this point. 
chant 
etc.) ,” 


There is one item, “General mer- 
included angles and girders, 
given at 534,503 gross tons, while the general 
item of unenumerated products is given at 770,981 tons. 
Rolled steel rounds must be included in the one category 
or the other and thus cannot have amounted to a large 
tonnage, particularly when it is observed that the ex- 
ports of “steel bars, etc.” in 1915 amounted to 489,464 
tons, of which 349,297 tons was for France, that for 
France being undoubtedly shell steel almost exclusively. 
Production of steel forgings, in the rough, is given at 
118,102 tons. Apparently, therefore, the production of 


steel (not under 
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steel for 


conversion 


British into shells can 
amounted to only a few hundred thousand tons. 

Exports of steel bars from the United States in 1915 
amounted to 403,577 tons, the great bulk of this ma- 
terial being destined for conversion into shells in French 
machine shops. Thus it would appear that France has 
been producing the preponderating quantity of shells, 
drawing shell steel from both England and the United 
States, and presumably having a fair steel production 
of her own. 


have 


There are no data available whereby the steel con- 
sumed in shell manufacture in the United States can be 
estimated. The value of finished but not loaded shells 
exported in 1915 was about $50,000,000, while the value 
of loaded shells exported seems to have exceeded $75, 
000,000. When the statistics of steel bar production in 
the United States become available it may be possible 
to make an estimate of the tonnage, by observing the 
extent to which the proportion of steel bars produced is 
above normal. 

It is quite erroneous to assume, therefore, that the 
British steel industry is engaged very largely in the 
manufacture of ammunition, and that orders coming to 
this country simply represent small additional require 
ments. The British steel industry, however, is as bus\ 
as it can be when it suffers more or less from a short 
age in labor. While the production of steel rounds, a 
indicated, has been rather small, measured only by hun 
dreds of thousands of tons, the total production of fir 
ished including pipes and tubes, et 
amounted in 1915 to 6,325,844 tons. That compares wit! 
a production of 8,350,944 tons of steel ingots and 8, 
793,659 tons of pig iron. 


rolled steel, 


The ingot and finished stee! 
figures agree well, showing a loss in weight of 23 per 
cent from ingot to merchantable production, while 
American statistics have for years run at about 24 per 
cent. The relation between steel and pig iron, however. 
is quite unusual, for the steel ingot production was 
easily the largest on record, whereas the pig iron pro 
duction fell far short of that in many previous years. In 
1913 there were produced 10,481,917 tons of pig iron 
and 7,663,867 tons of steel ingots, against 8,793,659 
tons pig and 8,350,944 tons steel. Thus the excess of 
pig iron over steel ingots was reduced from 2,818,050 
tons to 442,715 tons, while the proportion of steel to 
pig iron rose from 73.1 per cent to 95.0 per cent. A 
part of the decrease in pig iron is to be accounted for 
by a decrease in exports from 1,124,181 tons to 611,617 
tons and a small part to a reduction in stocks, while the 
remainder is to be attributed to a reduction in the pro 
duction of iron castings. 

If the British production of shell steel was smaller 
than might have been assumed, the production of ship 
steel was enormous, as suggested by 
statistics of production: 


the following 


Gross tons—1915 
Plates, % in. and thicker............... 1,367,577 
Angles, tees, channels and sections...... 762,717 
Girders, joists and beams............. 343,617 


TITUCTIT TL CTT TLE T ett 2,473,911 
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As the exports of such material were only 205,163 
tons (against 254,947 tons in 1913) and as there can 
certainly have been no large use of plates and structural 
material for ordinary purposes it is quite evident that 
the great bulk of the material indicated above, prob- 
ably almost 2,000,000 tons, was for the construction of 
ships. 

Thus it is seen that in the case of England the de- 
mand for steel created by the war is much larger for 
building ships than for making shells. The export de- 
mand upon the United States has reflected heavy re- 
quirements in steel other than for making shells, con- 
spicuous lines being rails, railway rolling stock and au- 
tomobiles, called 
“trucks.” 
as “commercial 


particularly what are commonly 
They appear in the official export statistics 
a designation that has 


somewhat run amuck, by the way, 


automobiles,” 
considering the use 
to which they are put. 


Madison, Wisconsin 

It is purely a coincidence, but a happy coincidence, 
that three articles in this have emanated from 
Madison, Wis. Dr. Oliver P. Watts of the University 
of Wisconsin describes an elaborate electric arc furnace 
page 681. 
Burgess Laboratories deals with 


issue 


designed for laboratory Mr. Oliver 


W. Storey of the C. F. 


use on 


the theory and practice of the sherardizing process on 
Mr. Henry E. Surface of the Forest Products 
the use 


page 683. 


Laboratory discusses of wood waste as pulp- 


wood on page 701. Here we have three distinct Madison 


centers of research represented—a state institution, a 


private institution, and a federal institution respectivel) 
independent of each other and each with its own 


sphere of influence, vet correlated and thereby indi- 


cating in a pretty manner the catching character of 


the research spirit. In these days when the national 
organization of research and the creation of new nuclei 
P 


OT 


research in the United States has become an urgent 
matter, it is pleasant to be reminded of how much has 
already been accomplished. And when those American 
cities are counted, in which a true spirit of research 
most active at 


been liveliest and 


Madison, Wis., 


has an early date, 
is among those in the front rank. 


Physical Chemistry of Assaying and Cupellation 


From a technical standpoint, any industrial chemical 
or metallurgical process is in the end applied physical 
chemistry. We don’t mean that physical chemistry is 
all that is required. Mr. Maximilian Toch is probably 
quite right in saying that “chemical engineering is 49 
per cent chemistry and 51 per cent business acumen.” 
What we mean is that his 49 per cent chemistry must 
be applied physical chemistry—not pure chemistry. 
Nor do we want to raise the question as to what is more 
important in applied physical chemistry—the founda- 
tion supplied by the physical chemist or the super- 
structure raised on it by the engineer. Our claim is 
that to produce industrially sound results, a combina- 
tion between engineer and physical chemist, not engineer 
and pure chemist, is needed. 
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The development of the flotation process brings oul 
this very point very clearly, as we tried to show in 
the theory of flotation. But the 
flotation process is still considered by too many people 
that it 
might require quite naturally exceptional measures. It 
is therefore pleasant to call attention to the article by 
Prof. Boyd Dudley, the first part of which appeared 
in our issue of June 1, while the concluding part i 


recent comments on 


as something of such an exceptional nature 


published in our present issue, as in this article it is 
clearly shown that a study of equilibrium conditions, 
according to well-known principles of physical chemis- 
try, is required to understand the silver losses in such 
a simple every-day procedure as the fire assay of gold 
and silver ores by the crucible method. Indeed, the 
same fundamental principles of distribution equilibrium 
which Professor Dudley applies to the silver loss in 
the fire assay of gold and silver ores, apply to the slag 
loss of copper in matte smelting and the slag losses of 
The subject is there- 
fore of decidedly more than theoretical interest. 


lead and silver in lead smelting. 


In the fire assay of gold and silver ores equilibrium 
Pro- 


fessor Dudley’s experimental results prove conclusively 


conditions are established in the crucible fusion. 


that at constant temperature a definite distribution of 
silver between lead and slag will occur, the silver pass- 
ing either from the slag to the lead or from the lead 
to the slag as may be necessary to establish equilibrium. 
It is also shown that as the silver concentration in the 
lead increases, its concentration in the slag required to 
That 
is, the ratio of the equilibrium concentrations of silver 


produce equilibrium will increase in direct ratio. 


in metallic lead and in a slag of given composition is 
a constant at constant temperature. But the tempera- 
increase of 


the solubility of 


ture has an enormous effect—an tempera- 


ture produces quite an increase in 
silver in the slag. 

In the second part of his paper, published elsewhere 
in this issue, Professor Dudley in discussing the effect 
of litharge shows that at constant temperature the abil- 
ity of slags to dissolve and retain silver is mainly de- 
pendent upon the molecular concentration of the litharge 
and is independent of the so-called silicate degree or 
oxygen ratio of the slag. The slags may be regarded 
as simple solutions of the various oxides, and litharge 
is the only one having any appreciable dissolving power 
for silver. 

The results are important in cupellation just as in 
assaying if we interpret the results as applying to pure 
litharge, and while the author states that much more 
experimental work is necessary before the physical 
chemistry of cupellation can be thoroughly understood, 
it is pointed out that further experiments should be 
made with pure litharge. The principal difficulty is in 
securing a proper container. Another field for further 
study is in regard to the condition or state in which 
silver is held in solution by litharge. The attack of 
the foregoing problems from the standpoint of physical 
chemistry has been very productive, and when further 
extended, the results should have an important bearing 
on the control of assaying and cupellation. 
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Readers’ Views and Comments 









Chemistry and the Daily Papers 
To the Editor of Metallurgical & Chemical Engineering 

Sir:—There seems no escape from Dr. Hesse’s con- 
clusion that the first point of entry for technical pub- 
licity must be by way of the editors of our dailies. But 
Dr. Hesse will probably have his work cut out to “edu- 
cate our editors as to what the country should know.” 
The unfortunate experiences which Dr. Hesse describes 
indicate this clearly; though this is not precisely the 
conclusion he draws from them nor does the real sig- 
nificance of the crowding-out of the results of his collab- 
oration with “an efficient editorial writer” because the 
space was needed for something else seem to occur to 
him. 

It is tremendously difficult to put a technical story 
into popular form in a way which will make it attractive 
and acceptable to the average person—and the average 
editor. Hine ille lachrymex. It is not going to be done 
to any large extent by the newspaper man, if for no 
other reason than his lack of knowledge of the subjects 
to be dealt with. Perhaps it is also not going to be done 
to any large extent by the technical man since it is rare 
to find a technical man who can write attractively, still 
rarer to find one who can write for the standpoint of 
a layman, and he usually has enough to keep him other- 
wise busy. But it can be done, and if the chemist wants 
publicity he has got to do it. Unless he does it is of 
little use to complain of the consignment of his con- 
tributions to the waste-paper basket or of their being 
crowded out on account of lack of space. 

F. AUSTIN LIDBURY. 


Liquid Jets for Absorbing Gases in Liquids and the 
Flotation Process 
To the Editor of Metallurgical & Chemical Engineering 

SiR :—I have read with great interest in your issue of 
March 1 last an article designated “Universal Flotation 
Theory,” by C. Terry Durell and beg that you will pub- 
lish the following notes: 

Mr. Durell is not the first man by any means to use 
the liquid jet as a means of absorbing either air or 
other gases into water. 

In the year 1908 I erected an electrolytic chlorine gen- 
erating plant for the Mount Morgan Gold Mining Co. 
of Queensland and by means of an acid-proof ejector 
using water under pressure instead of steam, I suc- 
cessfully absorbed 300 lb. of chlorine gas per twenty- 
four hours in 24,000 gal. of water. The chlorine water 
was used for leaching gold ores. 

This ejector, which I could place in my pocket, re- 
placed a 50 ft. tower and worked without interruption 
night and day for twelve months. Several years ago I 
tried to get the ejector tried in a flotation plant on two 
different mines at Broken Hill, being convinced that 
both its first installation cost as well as its running cost 
would be less than that of any other method. How- 
ever, I could get no one to listen to me. 

I am at present erecting a copper leaching plant for 
oxidized ores in which I intend to absorb sulphur diox- 
ide gas into my solutions by means of ejectors. 

In a recent paper entitled “The Electrolysis of Cop- 
per Sulphate Liquors Using Carbon Anodes,” read by 
Mr. Lawrence Addicks before the American Electro- 
chemical Society the author points out that it is impos- 
sible to obtain complete absorption in solution, of sul- 








phur dioxide gas, derived from roaster fumes unless it 
be put under pressure. He has used a 50-ft. vertical 
pipe full of solution for this purpose, the gas being de- 
livered at the bottom of the pipe by means of an air 
compressor. 

An ejector, properly used, will absorb all the gas 
which it can pull with a given stream of solution, as the 
gas is subjected to pressure while passing through it 
and is forced into intimate contact with the jet. 

If a small centrifugal pump and an ejector be placed 
in a closed circuit the circulating solution may very 
quickly be supersaturated with any gas. 

I hope that Mr. Durell may have every success with 
his patent in America, but would warn him that his 
idea is not patentable in this country, as I placed it in 
commercial operation here about eight years ago. 

B. Du FAUuR. 


Burra Copper Mine, Kooringa 


South Australia 


Flotation and Cyanidation 


To the Editor of Metallurgical & Chemical Engineering 
Sir:—In your issue of May 15 you propose the fol- 
lowing questions: 


1. Are oil-flotation products—concentrates and tailings 
as readily cyanided as similar products from ordinary wet 
concentration? 

2. To what are the difficulties, if any, to be ascribed, and 
what are the remedies? 

3. Are the difficulties likely to prove serious enough to 
react against cyanidation and restrict its use? 

4. Is it possible that a combination of flotation plus smelt- 
ing may in some cases prove more economical than cyanida- 
tion? 

5. Does flotation appear to-day in any sense a competitor 
of cyanidation in the treatment of gold and silver ores, or 
will it prove a valuable accessory process? 

The answers to questions 1, 2 and 3 can now be little 
more than suggestive, since the few plants practicing 
flotation upon gold and silver ores have not up to the 
present time, so far as I am aware, attempted cyanida- 
tion of any of their products upon a mill scale, and fur 
thermore, published accounts of comprehensive scien 
tific investigations covering these points have not ap 
peared. The few results of empirical experiments s 
far published, as might be expected, have been contra 
dictory, and therefore no definite generalizations ca) 
be made upon the basis of them. Most operators are 1: 
a hurry to derive the benefits from flotation at as earl) 
a date as possible, therefore—rightly—they have con 
fined experimentation to empirical tests which would 
prove or disprove the suitability of their ores to flota 
tion, and which would establish the factors for thei: 
particular cases which would result in the best economi 
result. 

It appears that the tailing from flotation is, in th 
majority of cases, amenable to cyanidation; that is, pro 
vided that the original ore contained nothing to inter 
fere. Regarding the cyanidation of the concentrate, 
there is a great variety of opinion. One well know: 
metallurgist has published the results of tests mad: 
upon a flotation concentrate from a gold ore whic! 
leaves little to be desired as regards cyanidation, whi!’ 
another equally well known metallurgist has published 
results of tests which indicate that the flotation concen 
trate from another gold ore is not amenable to cyan 
idation. 

This leads to the conclusion that the difficulty does 
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not always exist. In cases where it does exist, it may 
be due to the difference in the character of the ores 
treated, or to the difference in the behavior of the oil 
or oils used. The interference may be due to either 
physical or chemical causes such, for example, as a film 
of oil coating the mineral, or actual combination of cer- 
tain constituents of the mineral with the oils used. This 
latter suggests itself on account of the well known fact 
that certain oils attack some of the metals. However, 
this is purely speculative since it has in no particular 
case been definitely proven. 

The remedies suggested have been saponification of 
the supposed oil film by preliminary treatment with a 
caustic alkali, washing with a light mineral oil, such 
as gasoline, which is presumed to act as a solvent for 
the oil film, and various other expedients which have 
been tried more or less at random. The efficacy of these 
remedies in cases where real difficulty exists has not 
been clearly demonstrated. Where fuel is cheap and 
roasting can be done economically, a thorough oxidizing 
roast will with but very few exceptions solve the prob- 
lem in the case of concentrate containing gold with 
little or no silver; but as I have elsewhere pointed out 
on a number of occasions, silver minerals are rendered 
refractory to cyanidation by an oxidizing roast. A 
chloridizing roast in such cases may be at times effec- 
tive, but is not generally looked upon with favor by 
metallurgists, on account of the possibility of loss of 
the precious metals. The fear sometimes expressed 
that the oil may be carbonized during roasting and 
thereby cause premature precipitation is not well 
founded since with proper roasting it would be entirely 
consumed. 

In my opinion, the difficulties even in the case of sil- 
ver concentrate are not always insurmountable, but 
nevertheless there are doubtless cases where cyanida- 
tion could not be used. 

There is no question but that a combination of flota- 
tion plus smelting will in some cases prove more eco- 
nomical than cyanidation. Here much depends upon the 
smelting rates and cost of transportation. A good ex- 
ample of a case where this works out advantageously 
is the practice at Cripple Creek, where flotation plants 
with shipment of concentrate are being introduced 
rather than expansion of existent cyanide plants. In 
fact, certain of the cyanide plants are being remodeled 
into flotation plants. It might be added that Cripple 
Creek is not by any means the only district where flo- 
tation is proving more economical than cyanidation, for 
a number of such cases have been brought to my at- 
tention. 

It seems to be the opinion among thoughtful metal- 
lurgists who have not been completely carried away by 
the wave of enthusiasm which has swept the world for 
flotation that flotation will not to any considerable ex- 
tent displace the cyanide process in the treatment of 
gold and silver ores, but as previously pointed out, it 
will in certain cases, perhaps a good many, prove more 
economical and it will in many other cases prove a val- 
uable accessory treatment to cyanidation. The reason 
that flotation will not displace the cyanide process is 
that most companies prefer to produce bullion. Fur- 
thermore, many gold and silver mines are located far 
from smelting centers, which means high freight rates 
and renders the shipment of concentrate out of the 
question. 

There is, however, one possibility which tends to ren- 
der such a prediction uncertain, and that is the possi- 
bility of obtaining an extremely high-grade concentrate 
such as could be directly melted with simple furnace 
equipment in much the same manner as cyanide pre- 
cipitate. If we can conceive of this ever being accom- 
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plished, and it is not impossible, then cyanidation will 
certainly have a most formidable rival in flotation. 
G. HOWELL CLEVENGER. 


Palo Alto, California. 





Flotation and Cyanidation 


To the Editor of Metallurgical & Chemical Engineering 

Sir :—In the effort to extract gold and silver, by cya- 
nide, from the concentrate obtained in flotation, experi- 
ence is bringing out varied results. Much is being said 
in despair of operating the two processes conjointly. 
The usual flotation process depends upon the presence of 
oil in a mixture containing the ore which is agitated to 
produce the concentration. The cyanide process, in 
turn, is operative only by means of freely circulating 
aqueous solutions, which produce chemical reactions 
that are among the most intricate and delicate in all 
chemistry. For the proper action of these solutions, it 
is necessary that the dissolved cvanide enter into every 
minute passage of every porous grain to diffuse and to 
do its chemical work upon the metal. The oil of flota- 
tion thus becomes a harmful impediment in cyanide ex- 
traction. The flotation, which is desired to precede the 
cyanide extraction, furnishes a concentrate which prac- 
tically consists of particles that have been oiled, or are 
oily. Though the extent of this oiling is in some meas- 
ure adaptable to altered needs, and though the amount 
of the oil is, in all cases, extremely small, vet the effect 
is pronounced. 

Were it not for the proverbial irreconcilableness of 
the oil and the water, the treatment of ore by a com- 
bined process of flotation and cyanidation would prom- 
ise great economy. Cyanide treatment, in many cases 
would be a direct process for recovering the valued 
metal of the concentrate, without the costs involved in 
shipment and in smelting. A low extraction by the 
cyanide, however, is the usual result. 

The interference to the extraction of gold or silver 
from the flotation concentrate is a result of physical 
action of the oil, and in addition to this, usually, also 
to certain chemical reactions by which cyanide is de- 
stroyed and the extraction retarded or prevented. There 
are, of course, many different kinds and qualities of flo- 
tation concentrate. The varied minerals and the variety 
of oils give rise to as many qualities of concentrate as 
there are places of operation. The substance which we 
regard as oil is not set apart by any determining chemi- 
cal composition, nor definite nature. It ranges from 
liquid which is oily beyond all question to that which in 
reality is scarcely more than an alcohol, ether, or in 
some cases, an organic solution of a dissolved gum or 
resinous substance. Some of the so-called oils have little 
of the quality which we understand as characteristic of 
oil. Thus by including among the oils all those sub- 
stances that have only some single semblance to oil, it 
is natural that the action of “oil” upon ores is varied. 
Among those oils which, by their numerous characteris- 
tic oily qualities, give no ground for uncertainty, there 
is varied susceptibility to saponifying and oxidizing 
agents and to solvents. Discrimination is the beginning 
of an effort to reconcile cyanidation with flotation. 

The physical interference of certain oils in rendering 
cyanide solutions incapable of attacking the gold or sil- 
ver of the grains of ore has been proven repeatedly by 
experiment and trial. The entire physical behavior of 
the concentrate is altered by the presence of the oil. The 
alteration was a necessity to produce the action that 
was sought for the flotation. While it is possible to ob- 
tain a flotation concentrate without the use of oil, this 
is commonly not practicable. Oil can be saponified and 
thus dissolved or washed away from any material in 
the form of a soap, or, when present in appreciable 
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amount, it can be removed nearly completely by simple 
oil solvents. Certain oils, moreover, are capable of oxi- 
dation and elimination through varied chemical reac- 
tions. Long treatment and agitation, without remov- 
ing the oil, can be made to partly counteract the re- 
sistance offered by the oil. In the laboratory many such 
possibilities destroying or removing the oil seem indi- 
cated. 

In the commercial treatment of ores, on the other 
hand, these delicate and erratic actions become sources 
of possible irregularities and are liable to influence 
from impurities. Roasting a concentrate is, of course, 
always a means of destroying or expelling an oil, but in 
some cases roasting is a hindrance to cyanidation and in 
all cases the operation seriously adds to the cost of 
treatment. 

The greater number of oils allowed to remain in the 
flotation concentrate are not chemically without action 
upon cyanide solutions. Most oils have chemical quali- 
ties which also interfere by the absorption of oxygen. 
The animal and vegetable oils are generally oxygen-con- 
suming. Combining with the oxygen at a critical time 
and place, when gold starts to combine with the cyanide 
and when the oxygen is needed, the extraction fails. Re- 
duction and side reactions result in an attack upon the 
cyanide solvent. Particular interference is liable in 
the presence of the sulphide minerals soluble in alkali. 
Compounds, as well, between mineral bases and oily 
acids, produce physical effects that retard the dissolving 
action. 

On the whole it is seen that ores must be judged for 
the application of definite oils, and that the oils must 
be chosen not alone for the merits which they show in 
flotation, but for the influences upon the cyanide extrac- 
tion. 

The mineral oils, for the most part, are among the 
most inert of all organic substances. These oils suffer 
little or no alteration through any treatment, and their 
harmful effect upon cyanidation is physical. The dry- 
ing oils have found little favor in flotation. Between 
these two extremes in oils, with the quality of inertness 
on the one hand and readiness to oxidize, saponify or 
react, on the other, there are all gradations including 
oils of vegetable origin and extending through those 
produced by destructive distillation to those which are 
the natural petroleum products. Numerous oils are 
capable of offering both the physical and the chemical 
interference, and would always be avoided. Others in- 
troduce but a single interfering influence for which 
there would possibly be found a corrective. 

Before flotation combined with cyanidation can be 
pronounced to be a general possibility with chosen oil, 
investigation must be made more extensive than even 
yet has been done. Study must be made of the properties 
of the many kinds of oils which are capable of employ- 
ment in flotation. Many of these are imperfectly un- 
derstood. 

The effect which the oil has upon the surface tension 
of the liquid, its affinity for the different minerals, and 
the flocculating or thickening effect upon a froth or con- 
centrate demands consideration along with the oxygen- 
consuming power, saponification in the alkaline solution, 
and the action upon the cyanide solvent. 

In the choice of an oil the important requirements of 
flotation must be made subordinate to the demands of 
the cyanide treatment. There appears to be nothing 
permanently fatal, with further understanding, to a 
combination of the two processes of flotation and cya- 
nidation, but there will be required a modification of 
present practice and a more discriminating understand- 
ing of the materials used. 

ERNEST A. HERSAM. 


Berkeley, Cal. 
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The Iron and Steel Market 


The steel market has grown still more dull, and mar- 
ket conditions in the next two or three months are likely 
to approximate the summer conditions of a dull rather 
than of an active year. The condition is that of the 
market having been sold and bought to a standstill in 
the past few months, with prices now so high that new 
enterprise is discouraged. Railroad buying has practi- 
cally ceased, and there is no business being done in fab- 
ricated steel representing regular investment, though 
there is a fair tonnage representing works extensions. 
Manufacturing consumers generally are well covered 
with material and in the retrospect it is more plainly 
evident that their importuning mills for better deliv- 
eries, as they have been doing for months, represented a 
psychological rather than a physical condition, a fear 
that they would not secure adequate deliveries in future 
rather than a condition of their actually needing more 
steel at the moment. In very few instances, it would 
appear, have manufacturing consumers received less 
steel than they really needed. 


Exports 


Iron and steel exports in April amounted to 385,000 
gross tons, against 438,058 tons in March, April being 
the record month for exports, barring March and last 
August. Exports in the first four months of this year 
were at the rate of 4,600,000 tons per annum. The 
value of all iron and steel exports made a new record in 
April, at $58,722,411, this value including that of ma- 
chinery, hardware, cutlery, etc., as well as of the com- 
modities reported by weight. The total value for four 
months of the calendar year is $222,821,901. Besides 
these exports returned as iron and steel there is iron 
and steel involved in exports of agricultural implements, 
motor cars, railway cars, loaded shells, ete. Unloaded 
shells and locomotives are included as iron and steel. 

Export demand has been particularly heavy the past 
two or three weeks, and there is large inquiry now pend- 
ing. The shell steel for the balance of the year ap- 
pears to have been practically all bought, sales since 
May 1 easily totaling more than half a million tons, 
while there remains large inquiry for barb wire for 
war purposes, Russian inquiries alone being estimated 
at more than 100,000 tons. What is perhaps more sig- 
nificant is that there is much heavy demand for steel 
products from neutral countries. To date our exports 
to neutral countries have been light, much smaller than 
in 1912 and 1913, hitherto the best export years. 


Pig Iron and Steel 


A rate of pig iron productio1 of 40,000,000 tons per 
annum was approached within 2 per cent last February, 
but the full rate has not yet been attained, and 40,- 
000,000 tons may prove to be the asymptote, at least 
until summer is over. For three months or more a 
common market opinion has been that with few blast 
furnaces being built and many extensions being effected 
to steel making capacity the time would arrive when 
there would not be enough pig iron, and then, as pig 
iron had advanced only about 45 per cent while steel, 
finished and unfinished, had doubled in price, pig iron 
would “go up.” It does not do so, however, but on the 
contrary has turned a trifle weak in the past fortnight. 
Southern iron actually declining, and this is significant 
since almost invariably Southern iron leads the genera! 
pig iron market in both advances and declines. The 
theory that the unusually wide gap between pig iron 
and steel was destined to be bridged may prove correct 
eventually by steel declining instead of pig iron advanc- 
ing. The market is very dull in all districts, and more 
foundries than formerly are requesting that shipments 
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be held back. We quote: No. 2 foundry iron, deliv- 
ered Philadelphia, $20.25 to $20.75; f.o.b. furnace, 
Buffalo, $18.50 to $19; delivered, Cleveland, $19.30; 
f.o.b. furnace, Chicago, $19; f.o.b. Birmingham, $14.75 
to $15; f. o. b. valley furnaces, 95 cents higher delivered 
Pittsburgh; Bessemer, $21; basic, $18.25; foundry, 
$18.50; malleable, $18.25 to $18.50; forge, $18. Ferro- 
manganese has grown very dull and can be bought at 
$250 for prompt shipment, against $400 obtained a few 
weeks ago. The contract market is unchanged at $175. 


Steel 

The soft steel market has become still easier. Re- 
cently enough offerings of odd lots developed for prompt 
shipment to move the market from $45 down to about 
$40 to $42, though even $40 was shaded. For a time 
the large mills held forward deliveries at the $45 level, 
but it is now evident that round tonnages for forward 
delivery could be bought at $40 to $42,.either billets or 
sheet bars. There is very little inquiry, and the market 
is rather flooded with prompt lots, chiefly second dis- 
cards and rejected steel, made against war steel orders. 

Finished Steel 

Regular mill prices, for forward delivery, are un- 
changed. Bars and shapes are 2.50c. and plates 2.90c. 
Premiums for prompt shipment show a declining tend- 
ency. Galvanized sheets are down from 5c. to 4.75c. 


on account of the decline in spelter. 





The Non-Ferrous Metal Market 


Saturday, June 10.—The last two weeks have been 
very dull for most of the metals. Copper has held firm 
despite this dullness, while tin declined gradually until 
the last two or three days when it showed signs of an 
upward turn. The same is true of spelter. Lead was 
lowered '» cent by the Trust and the market still con- 
tinues dull. 

Copper.—The enormous production and small exports, 
combined with the overbought domestic market have 
contributed to make a dull market. Offers seem to be 
plentiful, but prices are at about the same level of 28.50 
tor prompt electroiytic. ine markets abroad have also 
been dull. Exports for May were 14,622 long tons. 
Prices for future delivery are but very little lower than 
spot prices. Electrolytic for July and August is 28.25 
and for September and October is 28.00. 

Tin.—Up until a few days ago the tin market has 
been reacting both here and abroad. About the 7th of 
the month the market became more firm and developed 
an upward tendency. Spot Straits tin dropped from 
17.00 on May 29 to 44.25 on June 6. To-day it is quoted 
at 44.50. The home consumption is good and arrivals 
for May were 3912 tons. 

Lead.—On June 5 the Trust lowered its price to 7.00 
cents. Independents are cutting this price and offer- 
ings are to be had at 6.90 and under. The market has 
been dull. 

Speiter.—As in the case of tin, spelter was weak up 
until about June 5, when consumers began to take more 
interest in the market and a slight advance from 13.30 
to 13.55 was made. Since then the market has con- 
tinued firm, with a fairly good demand. Prompt spelter 
is quoted at 13.55-13.80. 

Other Metals.—Antimony continues dull and has 
dropped to 22 cents, a decline of about 4 cents in the 
last two weeks. Aluminium is still quoted at 60 cents 
and platinum at $78 per ounce. Quicksilver continues 
to drop and is now at $70 per flask. Silver is quoted 
at 665%. 

Concerning the recent slump in tungsten we comment 
on our editorial pages. As is shown there, it was an 
inevitable event. 
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New Revenue Measure Likely to Include 
Dyestuffs Tariff 


The House of Representatives Ways and Means 
Committee is framing a new national revenue measure 
which is expected to include increased duties on dye- 
stuffs, following closely the recommendations of the 
Hill bill. (An account of hearings on the Hill bill was 
given in our issue of Feb. 1, 1916, p. 125.) 

In addition to providing for increased duties it is 
expected that provision will be made to limit the time, 
which the duties will remain in effect, and also that 
anti-dumping legislation will be included in the inter- 
ests of fair trade. The committee has been considering 
the bill, which is concerned with general sources of 
revenue such as the income, inheritance and other 
taxes, for about two weeks and it should be reported 
out of the committee in a short time. Every effort is 
being made by the Democratic members of the commit- 
tee to frame the bill so that it will meet with as little 
opposition as possible, and hopes are entertained that 
it may be passed by both Houses by July 1, or soon 
thereafter. The uncertainty connected with legislation 
must, however, be given due consideration. 


Annual Meeting of Iron and Steel Institute 
in London 


The annual spring meeting of the Iron and Steel In- 
stitute was held in London, May 4 and 5, at the Institu- 
tion of Civil Engineers. The retiring president, Mr. 
Arthur Cooper, occupied the chair at the opening. An 
abstract of the annual report was read by the secretary, 
Mr. G. C. Lloyd. The number of new members elected 
fell considerably below preceding years, while financial 
statement compared favorably with other years. The 
new president, Sir William Beardmore, was inducted 
into office. He has been treasurer since 1912, and is 
chairman and managing director of William Beard- 
more & Co., Ltd. 

The new president upon taking the chair presented 
the Bessemer Gold Medal to F. W. Harbord. 

The new president in his address on science in fac- 
tories emphasized the necessity of looking upon science 
as the dominant factor in industrial and economic con- 
siderations. There must be co-operation between labor- 
atory research and manufacturing development. He 
also laid great stress on the attitude of workers, and 
said that their failure to utilize to the best advantage 
improved methods of manufacture evolved by experi- 
mental research discourages industrialists in their 
evolution and application. When a charge of lack of 
enterprise is made against manufacturers, blame should 
at the same time be laid at the door of the workers, 
who do not realize that their interests are intimately 
affected by the attitude they display in such cases. He 
thinks that research should be a charge on the selling 
price, and that it is essential that the volume of output 
should be increased. He is also in favor of a high rate 
of wage and large total earnings per worker per week. 
This is attainable without forfeiture of a satisfactory 
profit, provided all workers make the most of all the 
appliances which scientific research and mechanical ex- 
periment may place in their hands. 

The awakening of the workers is as important as the 
furthering of scientific methods. Thus while we foster 
metallurgical science we must not neglect the equally 
important subject of industrial economics and the duty 
of the state and the worker towards such problems. 

At the second day’s meeting a discussion took place 
as to the position of the Institute in regard to trade 
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prospects after the war. 
Research Scholarship 
secretary. 


The grants under the Carnegie 
Fund were announced by the 


Meeting of New York Section of American 
Chemical Society 

The last meeting of the season of the New York Sec- 
tion of the American Chemical Society was held in 
Rumford Hall, Chemists’ Club, Friday evening, June 9. 
The chairman, Dr. T. B. Wagner, presided, and the 
meeting was well attended. Upon recommendation of 
the committee, a resolution was adopted approving two 
bills introduced in the Legislature. These are the John- 
son bill, to require the use of the Centigrade scale in 
all Government publications after 1920, and the New- 
lands bill, to establish industrial research stations in 
each State. (Two very interesting articles on the New- 
lands bill by Dr. W. R. Whitney were given in our is- 
sues of May 15 and June 1). Dr. George F. Kunz gave 
a short talk advocating the “more daylight” plan of 
moving the clock ahead as initiated by Germany and 
adopted by other countries. 

The committee report on “University and Industry,” 
presenting its findings, conclusions and recommenda- 
tion, was read by Dr. Charles Baskerville, chairman 
of the committee. The committee advocates the ap- 
pointment of a permanent committee, representing both 
universities and industries, such committee to study 
opportunities and make recommendations for co- 
operation. 

A paper was presented by Dr. George A. Burrell of 
the Bureau of Mines, Pittsburgh, Pa., on vapor pres- 
sures and gas analysis by liquefaction and fractional 
distillation, and the extraction of gasoline from so-called 
“dry” natural gas by absorption methods. The paper 
was illustrated by numerous lantern slides, showing the 
apparatus used and results obtained in determining the 
vapor pressure of twelve gases at temperatures as low 
170 deg. C. Experiments were also described on 
the deviation of gases from Boyles law at higher pres- 
sure, and it was explained that as the natural gases 
were more compressible at higher pressures than would 
be calculated from Boyles law, measurements of natural 
gas would have to be revised. Accurate gas analysis 
was developed by the liquefaction and fractional dis- 
tillation method. Dr. Burrell explained recent develop- 
ments in the extraction of gasoline from natural gas by 
absorption, a full account of which was given in our 
issue of June 1, page 651. 

A paper was presented by Dr. Frederick E. Wright 
of the Geophysical Laboratory, Washington D. C., on 
the use of the petrographic microscope in analysis. The 
petrographic microscope is a valuable adjunct in chem- 
ical analysis, and Dr. Wright explained several impor- 
tant uses to which it has been put in the identification of 
solid materials. It is especially helpful in identifying 
mixtures of several different solids, the chemical analy- 
sis of which would require a long time. With the mi- 
croscope the work can be done very quickly. Some 
interesting experiments were shown on the screen by 
a microscopic projection lantern. A few organic salts 
were melted, placed in front of the lens and then al- 
lowed to crystallize. The growth of the crystals could 
be seen very plainly, and the different characteristics 
of the different substances were apparent. These crys- 
tals appeared in colors as interference screens were 
used. 


as 





The Maryland Silicite Co., 609 Munsey Building, 
Baltimore, Md., is opening up a deposit of infusorial 
earth on the Patuxump River, Md. 
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Estimated Cost of Making Gasoline by the 


Rittman Process 
The Bureau of Mines has issued the following esti- 
mates showing the cost of making gasoline by the Ritt- 
man process. These estimates are based on a five-tube 
plant and the results of a five-day run, with a recovery 
of gasoline of 17 per cent and with varying prices of 
fuel oil. (Fuel oil is oil from which gasoline has already 
been extracted by the ordinary process of refining.) 
The capacity of a single tube was 1.55 bbls. per hour 
or 37.2 bbls. for 24 hr. With loss, 10 per cent, would 
yield 17 per cent gasoline, the balance being fuel oil, 
as valuable as original fuel oil. 
The estimated cost of a five-tube plant 
Estimated cost of building to house plant 


Total 


$15,000.00 
5,000.00 


$20,000.00 


Monthly capacity, 5580 bbls. Deducting about 10 per 
cent for “shut downs” leaves net capacity 5000 bbls. 
Yield of gasoline 17 per cent, 850 bbls., or 35,700 gals. 
Loss, 10 per cent, equals 550 bbls. Residuum, 73 per 
cent, equals 3650 bbls. 


Cost or Fver. Orn $0.50 per Bri 
Expense 
5000 bbl. fuel oil at $0.50 per bbl $2,500.00 
Labor for one month 160.00 
Fuel (1050 M ft. at 1l5e.) 160.00 
Electricity , 100.00 
Repairs es 100.00 
Interest and depreciation, 6 per cent each 200.00 
Refining cost 20c. per bbl 1,000.00 
$4,620.00 
Credit 
3650 bbl. residuum at 50c. (fuel oil) 1,825.00 
Net Cost 
Net cost of 850 bbl. (35,700 gal.) gasoline $2.79 
Cost of gasoline per gal. 7.8« 
Cost or Fvert Orn $1.00 per Bat 
Expense 
5000 bbl. oil at $1.00 $5,000.00 
Labor 560.00 
Fuel I 160.00 
Electricity 100.00 
Repairs 100.00 
Interest and depreciation, 6 per cent each "00.06 
Refining cost 1,000.00 
Total cost $7,120.00 
Credit 
3650 bbl. residuum at $1.00 (fuel oil) 650.00 
Net Cost 
Net cost of 850 bbl. (35,700 gal.) gasoline $3.470 
Cost of gasoline per gal. 9.74 
Cost or Fue. Orn $1.47 per Bat 
Expense 
5000 bbl. oil at $1.47 , $7,350.06 
Labor . 60.0 
0 PS aes 160./ 
Electricity 100.0 
Repairs ; : 100.0 
Interest and depreciation, 6 per cent each 0.0 
Refining cost 1.000.04 
Total cost ° ° $9 470.01 
Credit 
3650 bbl. residuum at $1.47 (fuel oil) 5.365. 06 
Net cost 
Net cost of 850 bbl. (35.700 gal.) gasoline $4.105.0' 
Cost of gasoline per gal. 11.5« 
Cost or Fve. Orn $2.10 Per Ber 
Expense 
5000 bbl. oil at $2.10 $10,500.0 
Labor been vee eheeees 560.00 
Fuel 160.00 
Electricity 100.00 
Repairs ° eee 100.0 
Interest and depreciation, 6 per cent each 200.01 
Refining cost ; , ; , 1,000.00 
Total cost $12,620.60 
Credit. 
3650 bbl. residuum at $2.10 (fuel oil) ‘ 7,665.01 
Net Cost 
Net cost of 850 bbl. (35,700 gal.) gasoline $4,955.00 
Cost of gasoline per gal. 13.9c 





The Dolomite Products Company of Cleveland, Ohio, 
is erecting at Maple Grove, Ohio, a 450 x 85 ft. build- 
ing for the manufacture of magnesite. The plant will 
be thoroughly modern and the processes entirely auto- 
matic. The plans have been worked out by the Schaeffer 
Engineering and Equipment Company of Tiffin, Ohio. 
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Faraday Society Meeting 


The seventy-ninth ordinary meeting of the Faraday 
Society was held in London on May 9, 1916, with Sir 
Robert Hadfield, president, in the chair. 


Theory of Gels 


Mr. Emi! Hatschek presented a paper on “an analysis 
of the theory of gels as systems of two liquid phases.” 

The generally accepted theory of the constitution of 
gels is that they are systems of two liquid phases. No 
attempts have been made to determine whether this as- 
sumption accounts for various observed properties of 
gels. The present paper is a mathematical investiga- 
tion directed to determining whether the observed elas- 
tic properties of gels are compatible with their being 
composed of two liquid phases only. If this is the case, 
it follows that their elasticity must be due exclusively to 
the interfacial tension between the phases, viz., the 
work done in stretching a cylinder of gel must be equal 
to the surface energy developed. It follows immedi- 
ately that the function connecting stress and elongation 
must be the first differential of that connecting surface 
and elongation. To obtain the latter, various structures, 
consisting of space-filling polyhedra such as rhombohe- 
dra, rhombic dodecahedra and cubes are examined and 
the increase in surface calculated for deformation in 
the direction of principal axes. The curves obtained 
by plotting surface as ordinates against elongation as 
abscisse are similar in all cases and obviously repre- 
sent the same function, although analytical treatment is 
only carried out for one case. Since the curves all show 
an inflexion, it follows that the stress reaches a maxi- 
mum at the elongation at which the inflexion occurs 
and then decreases, i.e., to stretch the gel beyond this 
point a smaller stress would be required than for a 
smaller elongation. This, as well as the shape of stress- 
elongation curves obtained experimentally, which differ 
very considerably from the theoretical curve, shows that 
the assumption of two liquid phases is inconsistent at 
any rate with the elastic behavior of gels. 

Prof. Alfred W. Porter, F.R.S., pointed out that Mr. 
Hatschek’s criticism did not distinguish between an 
ordinary liquid and one as viscous, say, as cobbler’s 
wax, which acted as a solid to forces applied rapidly. 
He thought, too, that in the case of two liquid phases 
the straight-sided forms assumed would not persist in 
equilibrium; the continuous would shrink away from 
the disperse phase and form gaps, unless the former 
were exceedingly viscous. Mr. Hatschek’s argument 
was sound if polyhedra were formed. 

Dr. C. H. Desch thought the geometrical forms of the 
structure would be neither rhombohedron nor rhombic 
dodecahedron, but Kelvin’s fourteen-sided polyhedron 
with curved faces. 

Mr. Hatschek, in his reply, added that he conceived 
gels as of an ultimate crystalline structure, with the 
crystals thinned and filled with liquid. 


Solid Solutions of Metals and Intermetallic Compounds 


In introducing two papers by Mr. F. C. Thompson, 
the president expressed his appreciation of the encour- 
agement the University of Sheffield gave to young metal- 
lurgists like Mr. Thompson in the prosecution of re- 
search, and he remarked on the value of the author’s 
work. As an incentive to him he offered a prize of £50 
to continue his researches and present the results to 
the Faraday Society. 

[he first of Mr. Thompson’s papers dealt with “the 
properties of solid solutions of metals and of inter- 
metallic compounds.” 

By considering the space lattice of a solid solution of 
two metals as resulting from the substitution of atoms 
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of B for an equal number of A in the space lattice of the 
iatter, it is possible to predict with some completeness 
the properties, hardness, specific volume, electrical re- 
sistance of the alloy. 

The distortion of the space lattice resulting from this 
substitution of other atoms of different atomic volume 
explains the generally marked resemblance of the prop- 
erties of solid solutions of metals to those of a metal 
which has been mechanically deformed. An elementary 
mathematical treatment results in a parabolic curve, 
which corresponds with that practically observed, for 
the relationship of hardness to concentration in a series 
of alloys, such as those of gold and silver which form an 
uninterrupted series of solid solutions. 

The influence of the atomic volume on the readiness 
with which solid solutions are formed, and the proper- 
ties of intermetallic compounds are also briefly con- 
sidered. 

Dr. C. H. Desch suggested that an examination of 
solid solutions such as that of gold and silver by means 
of Bragg’s X-ray spectrometer might throw light on 
the structure of the space lattice. 

Mr. Sydney W. Smith remarked that Roberts-Austen 
had long ago realized the importance of the gold-silver 
alloys as a means of attacking these problems. 


Annealing of Metals 


Mr. F. C. Thompson’s second paper dealt with the 
annealing of metals. 

After briefly considering the structural changes in- 
duced in metals and simple alloys by such processes as 
rolling or wire drawing, as a result of which the crystal- 
line elements remain unchanged in hardness, the condi- 
tions governing such mechanical treatment of metals 
are examined. 

The efficient commercial annealing of brasses, nickel- 
silvers, cupro-nickel, etc., is shown to differ radically 
from that necessary in the case of steel, the lowering to 
a minimum of the elastic limit being essential to allow 
a maximum further reduction at the next rolling before 
a further annealing is required, and also to minimize 
the loss of energy wasted in the production of merely 
elastic deformation. 

The course of annealing of hard-worked copper, brass, 
and nickel-silver, taken as typical examples, is followed 
in some detail, and the influence of the temperature and 
duration of annealing, and of impurities in the metal 
dwelt upon. A summary of Charpy’s classical work on 
the annealing of hard-worked brass, and of similar work 
by the author on the nickel-silvers is given. 


Grain Size Measurements in Metals 


A paper sent in by Mr. Zay Jeffries of Cleveland, 
Ohio, on “grain size measurements in metals, and im- 
portance of such information,” was communicated by 
the president. 

The author emphasizes the value to the user of phys- 
ical tests of metals. Now physical and mechanical prop- 
erties of metals vary greatly with changes in structure, 
and in the cases of pure metals and solid solutions the 
quantitative estimation of the structure can best be 
made by determining the grain size. Such measure- 
ments, however, only become important when correlated 
with the physical properties of the metal or alloy. The 
fact that these measurements do not break down the 
structure of the metal gives them a distinct advantage 
over mechanical tests in determining, for example, ten- 
sile strength or elastic limits, which are dependent on 
fineness of grain. The method is one of the best avail- 
able for the determination of the relative quantities of 
crystalline and amorphous phases, and it is of special 
value in indicating the life of metals under vibration, 
in the estimation of the strength properties of alpha 
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brass, in indicating hardness, and in all probability in 
throwing light on certain corrosion problems. 

The following methods for measuring grain size are 
briefly described: (1) the planimeter method, (2) the 
Heyn method, (3) the intercept method, (4) the method 
of comparison with known samples, (5) the author’s 
method. This method, for which great rapidity as well 
as accuracy is claimed, consists in counting the grains 
completely included and partly included in the circular 
portion of an image of the specimen of standard mag- 
nification, and by means of an empirical formula deter- 
mining therefrom the equivalent number of whole grains 
in the standard area. The apparatus and manipulation 
required for the measurements are described in some 
detail and a few simple rules for sampling are laid 
down. In the interpretation of results care must be 
taken to distinguish between grain-size and cell-size. 
In cold-worked metals that have been annealed and 
sometimes in cast metals the grains will often be elon- 
gated, but in elongation due to cold-working measure- 
ments parallel and perpendicular to the direction of 
working show fairly constant ratios. 

The president, in commenting on the paper, referred 
to the enormous tenacity attained by metals at ex- 
tremely low temperatures, due probably to the closeness 
of grain. It was unfortunate that a limit was soon 
reached, for instance, in hardened steel, below which 
the grain was too fine for Mr. Jeffries’ method to be 
applied. He hoped further research would overcome this 
difficulty ; perhaps some method like Bragg’s might be 
applied. He mentioned that whereas a 0.58 per cent 
carbon steel contained 5540 grains per square inch as 
forged, and 4500 as forged and annealed, the number 
rose to 330,000 when the steel was water-quenched and 
reheated. 

Dr. C. H. Desch agreed with the author that the in- 
tercept method was not reliable. 

Mr. F. C. Thompson, in the course of remarks on the 
relation of physical properties of iron and steel to grain 
size, said in these cases another factor had to be con- 
sidered, namely, the fineness of the carbide in the 
grains, as well as the size of the grains themselves. He 
preferred as a unit number of grains per unit length 
to number per unit surface. Shock tests gave a better 
measure of crystalline size than tensile tests. 

Mr. S. W. Smith suggested that the rate of corrosion 
might in some cases be used as a measure of grain size. 


Specific Heats of Hard and Soft Aluminium 


A paper by Dr. F. J. Brislee, on “the changes in 
physical properties of aluminium with mechanical work 
|II. specific heats of hard and soft aluminium|],” was 
read by Dr. R. Seligman, in the absence of the author. 

A series of determinations of the specific heat of 


hard-worked aluminium and annealed aluminium was 
made. The metal was used in the form of rod and 
wire. It was found that the specific heat of the hard 
aluminium was higher than for annealed, and this con- 
firmed the view that aluminium is converted into an 
amorphous form by excessive mechanical work. It was 
further found that the specific heat underwent a change 
when the hard-drawn bars and wire were heated to 
100 deg. C. A sample of wire was prepared by drawing 
with the maximum draft possible, whereby a high 
tensile strength was obtained, but the wire could not 
be bent without fracture. The worked metal had a 
tensile strength of 18.4 tons per square inch, and after 
heating to 100 deg. C. for ten weeks the tensile strength 
was reduced to 13.2 tons per square inch, but whereas 
the original metal was brittle and could not be used, 
the metal with the lower tensile strength was quite 
serviceable. 

It is therefore necessary that the determinations of 
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all the physical constants of metals shall be made upon 
metals in a perfectly definite state and one which can 
be reproduced. If this is not done, the results are 
fortuitous and may differ quite widely from the true 
results. 

Further investigation is being made to 
aluminium wholly in the amorphous state. 

Dr. R. Seligman, while agreeing with the author’s 
conclusions, was unable to see how he arrived at them 
from figures given in the paper. He criticised the 
author’s use of different temperature ranges for the 
various sets of experiments. Dr. Brislee’s observation 
of the change of the specific heat of hard-worked 
aluminium under the influence of so low a temperature 
as 100 deg. C. might possibly be of great technical im- 
portance. He did not agree that as a general rule 
aluminium after ten hours’ heating at 500 deg. C. was, 
although “dead-soft,” still largely amorphous in struc- 
ture. 

Dr. J. A. Harker thought it a mistake only to take 
ordinary temperatures as the norm in studying the re- 
lation between composition and physical properties of 
metals and alloys. If the meiting point were taken as 
the starting point in, say, a series of specific heat meas- 
urements, the matter of the previous thermal history of 
the specimen would not be a disturbing factor. There 
would be no great difficulty in devising a suitable calo- 
rimeter for such measurements. 


obtain 


Annealing of Aluminium 


Dr. R. Seligman and Mr. Percy Williams presented 
a “Note on the annealing of aluminium.” 

The authors found that hard-worked aluminium 
which had been heated for ten hours at 125 deg. C. was 
less readily soluble in nitric acid than the same metal 
before heating, but that if the heating were continued 
for eighty hours, this comparative immunity from at- 
tack was lost. 

They also found that metal which had been freshly 
annealed at 440 deg. C. was less readily attacked by 
nitric acid than the same metal which had been allowed 
to stand for ten days after annealing. 

Dr. H. Borns asked what precautions had been taken 
to prevent oxidation before making the solubility tests 

Dr. R. Seligman said the samples were all immersed 
in caustic soda. 

Theory of Solutions 


Mr. E. J. Hartung presented a paper entitled “A 
contribution to the theory of solution.” 

The author has tested the divergence in physica! 
properties from those calculated by the simple mixture 
law shown by two completely miscible liquids which do 
not visibly react with each other. This divergence has 
been ascribed by Denison to solvate formation. Th: 
liquids used for the experiments were aniline, methy! 
alcohol, carbon tetrachloride, ethyl ether and chloro- 
form. Measurements were made of the density, heat 
capacity and heat change in mixing of mixtures of s« 
lected pairs of these liquids. 

The evidence adduced shows that, in the cases ex 
amined, no simple solvate theory will suffice to explai: 
the experimental results, even though the liquids used, 
with one exception, are little associated. Also, a stud) 
of the deviation curves obtained from many other liquid 
pairs by various authors leads to the conclusion that 
only in rare cases, if at all, will the conditions be simp'e 
enough to permit of an explanation of the deviations )) 
single solvate formation. In the great majority 0! 
cases the molecular condition of a mixture of two liquids 
is much more complex, and it becomes very difficult to 
develop and apply any satisfactory quantitative theor) 
to such a mixture. 
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An Electric Arc Furnace for Laboratory Use 
BY OLIVER P. WATTS, PH.D. 


Several years ago a simple, inexpensive and easily 
made electric furnace for crucibles was developed in 
the university laboratories by the writer, and used in 
the preparation of a large number of iron alloys.* Re- 
cently two small are furnaces of 10 lb. capacity have 
been constructed for the melting of metals and the 
making of alloys. Since these are proving well adapted 
to such use, it is thought that a description of them 
may be of assistance to those desiring a small furnace 
for experimental work on a laboratory scale. 

In view of the many electric steel furnaces of the arc 
type now in operation, and the numerous descriptions 
of these available, it would seem a simple matter to con- 
struct a satisfactory furnace for melting metals in the 
laboratory. This, however, is not so easy as it appears. 
The small size of the furnace, the short time allowed 
for melting, and the extremely refractory metals which 
the laboratory furnace may be called upon to melt, all 
complicate the problem. The laboratory furnace is far 
more severe on refractories than commercial furnaces 
because of the proximity of the sides and roof to the 
arc, and to the more sudden and frequent heating and 
cooling, due to its intermittent use. Although heat 
insulation may be no more important in the laboratory 
than in the works furnace, on account of its thinner 
walls, it is desirable to use some special heat insulator 
in the laboratory furnace instead of employing only 
the commercial refractory materials used in steel fur- 
naces. The method in which these and other difficulties 
have been met will be seen in the description. 

The nature of the work requires a tilting furnace, 
which means that the weight should be kept as small as 
possible. This restricts the furnace to the smallest 
dimensions which will contain a crucible or melting pot 
of the desired capacity, and a sufficient thickness of 
heat insulation. For greater ease of construction and 
lining with brick, a rectangular form was chosen in- 
stead of the more ideally perfect sphere or cylinder. 

The furnace body is made of sheet steel 44 in. in 
thickness and is 16! in. long, 14's in. wide, and 171% 
in. high in front and back, and 11'»5 in. high on the 
ends. After the electrodes and lining were in place the 
ends were raised to the height of the front and back by 
thrusting pieces of galvanized sheet steel down inside 
the end walls. If another furnace were to be designed 
the walls would all be made of the same height with 
slots in the ends to accommodate the electrodes. 


Refractories 


Due to the severe usage to which it must be sub- 
jected, magnesia was the only material considered for 
the melting pot, which was constructed of magnesia 
brick 21% in. thick. The corners were filled with : 
cement of electrically fused magnesia moistened with 
solution of sodium silicate, so that there might be no 
places for metal to lodge when the furnace is tilted for 
pouring. The melting pot is 8%, x 6 x 7 in., and has 
a capacity of 12 lb. of metal. By setting the electrodes 
higher its capacity could be increased to 18 or 20 lb. 
if desired. 

Although magnesia brick are so refractory that they 
give no trouble from melting, as a roof for a small arc 
furnace they last only a few heats. They usually crack 


across the middle the first heat; with further use other 
cracks form, pieces drop out, and the roof soon fails. 
A new departure was therefore tried for the roof. A 
lump of electrically fused magnesia was prepared in a 
60-kw. are furnace. 


This was sawed in two by the 
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Grant Marble Company of Milwaukee, producing two 
slabs of a beautiful crystalline structure, 11 x 8 x 2% 
in., weighing about 20 lb. each. One of these slabs was 
used for the roof of each of the two furnaces already 
constructed. One of the furnaces has been operated 
seven afternoons with no apparent injury to the roof, 
although one day a temperature of 2190 deg. C. was 
measured inside the furnace with the power off. 
Graphite is the only other material ever used by the 
writer which could have withstood such service, and 
graphite was impossible for the roof of this furnace, 
from the standpoint of oxidation, of electrical con- 
ductivity, and of contamination of the charge. 
Heat Insulation 

The high thermal conductivity of magnesia brick and 
fused magnesia when hot made it necessary to provide 
special heat insulation. Infusorial earth, usually con- 
sidered the best insulator, could not be employed because 
the temperature would occasionally be far above the 
melting point of silica. Magnesia is an important in- 
gredient of the insulation commonly used on steam 
pipes, but it cannot be used here. Effective insulation 
depends on porosity—on a multitude of air cells in the 
insulating material—and magnesia frits to a solid mass 
at temperatures occasionally attained by the melting 
pot of these furnaces. The insulating material must 
not only retain its porosity at extremely high tempera- 
tures, but it must not flux with magnesia at, or even 
above, 2000 deg. C. Previous experience had shown that 
air-slaked lime fulfills these severe requirements to a 
remarkable degree, and this was therefore chosen for 
the insulator. Since enough of this could not be ob- 
tained promptly, an exceptionally pure lime was slaked 
to dryness by the minimum amount of hot water. 

Two inches of slaked lime was tamped into the fur- 
nace, and the melting pot previously described was built 
upon this. The space between the pot and the stee! 
shell, 2 in. at the ends and 8 in. at front and back, was 
also filled with slaked lime. In order to pour the metal 
it was necessary to build a bridge of magnesia from the 
melting pot to the spout, and to cover this the roof of 
fused magnesia extended forward within 14 in. of the 
shell of the furnace, making two breaks in the heat in- 
sulation. The roof was covered to a depth of 2 in. with 
slaked lime, and a sheet of asbestos and a wire screen 
were placed over the top to hold the lime in place when 
the furnace is tilted. 

Fig. 1 shows the furnace before the roof was put on. 



































FIG. 1—ELECTRIC FURNACE BEFORE ROOF IS PUT ON 
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and Fig. 2 is the completed furnace, except that the 
steel shell was cut away over the spout to a height of 
3 in., so that the spout can be used as a charging door. 
This is closed by a magnesia brick when the furnace is 
in operation. The total weight of the furnace is 334 
lb., yet it is readily tilted for pouring by one man. Ex- 
clusive of refractories the cost was $50 each. The 
linings were put in by students as class exercises. 


Electrode Holders 


The electrode holder is shown in Fig. 3. This con- 
sists of a casting of red brass, bored for a 1!.-in. elec- 
trode. The top of the holder is split, and can be clamped 
to the electrode by means of two stout screws. Water- 
cooling is essential, and was provided for by drilling 
holes in the holder and inserting small copper tubes to 
which pieces of 44-in. rubber tubing are attached. One 
of these connects the holders with each other; to the 
others standard hose couplings are permanently fas- 
tened for convenience in attaching the '.-in. hose by 
means of which water is carried to and from the fur- 
nace. The electrodes are moved by a screw feed actu- 
ated through pinions by a crank beneath the electrode. 
Since it would often be desirable in melting metals to 








FIG. 2—COMPLETED ELECTRIC FURNACE 

operate without a slag, the usual vertical arrangement 
of the electrodes in steel furnaces was not desirable, 
and the electrodes were inclined so that they meet at 
an angle of 90 deg. above the furnace charge. This 
arrangement has proved satisfactory, although through 
carelessness students sometimes feed one electrode too 
far into the furnace, so that the arc plays upon the side 
instead of the tip of the electrode, and they may even 
push an electrode into the metal. This technical defect 
has an educational value, for it is not well that students 
should work with foolproof apparatus. On account of 
their position, there is a tendency for the holes in the 
roof through which the electrodes pass to act as chim- 
neys, and cause a draught of air through the furnace; 
this results in undue oxidation of the electrodes unless 
a packing of asbestos or similar material is placed 
around the electrodes where they pass through the roof. 
To prevent the loose lime on the roof from falling into 
the furnace when an electrode is removed, tubes of 
magnesia, extending from the roof to the top of the 
layer of lime, were built around the electrodes. 
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Electrodes 


On account of the space occupied the diameter of the 
electrodes was fixed at 1!» in., as the largest size that 
could well be used. It was expected that at 20 to 25 
kw. carbon electrodes could be used without their heat- 
ing to the temperature of oxidation outside of the 
furnace, while on the few occasions when more power 
must be used graphite electrodes could be substituted. 

The advantages of carbon electrodes are: 

1. Lower cost. 

2. They are obtainable in 3-ft. lengths, instead of 
the maximum of 2 ft. for graphite, thus greatly lessen- 
ing stub-end waste. 

3. Their poorer thermal conductivity results in much 
less heat loss than with graphite electrodes of the same 
diameter. 

By maintaining the voltage above 75 it has been found 
possible to use 20 kw. without serious oxidation of car 
bon electrodes. This is sufficient power for most pur 
poses. For 25 to 30 kw. graphite electrodes 
employed. 

Although the electrodes have been referred to as 
passing through the roof, they really emerge from the 
end walls of the furnace. There are no holes in the slab 


are 
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FIG. 3—-ELECTRODE HOLDER 
of fused magnesia, which just fills the space between 
the electrodes. The end walls are built up around the 
electrodes to the level of the roof with the cement 
fused magnesia and sodium silicate solution previous!) 
referred to. 
Operation 

In melting metals it is desirable to heat the furna 
before putting in the charge, in order to shorten th: 
time that the metal is subjected to possible contami! 
tion by carbon from the electrodes or by oxidation. 
is advisable to use a mold that can be lifted to t! 
spout of the furnace, thus avoiding the loss of mater 
and likelihood of freezing, incident to the use of a la 
with such small quantities of metal. 

An alloy of nickel, chromium and tungsten, conta 
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pA 15 
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Poured and charged 10 Ib 
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ing 40 per cent of the last metal, was cast directly into 
a mold without difficulty. 

The log of a furnace run on cast iron is given in 
Table I. 

Power was on the furnace for an hour and thirty-six 
minutes, and 35 kw.-hr. were required to melt and pour 
six heats, totaling 50 lb. of metal. The time required 
for the successive melts is shown at the right. 

At another time when using 30 kw. 11!» lb. of cast 
iron was melted and poured in six minutes after the 
furnace was well heated. 

To test the effectiveness of the heat insulation mer- 
cury thermometers were placed against the back and 
one end opposite the melting pot, and covered with 
steam-pipe insulation. The furnace was then heated, 
and at intervals the current was interrupted and the 
temperature within the furnace was measured through 
a hole made in the door made for this purpose by means 
of a Holborn-Kurlbaum optical pyrometer. The log of 
the run is given in Table II. 


Temperature 
Outside Inside 
Time Kw Volts Back kend 
4a °8 90 
tS 0 x0 
0.40 35 45 
4 30 SS 
‘ s7 64 
00 7 4 
is 0 0 48 ( 10 ¢ 1920 ¢ 
l 64 
0.2 0 0 77 ‘ 2130 
0 7 64 
0.40 0 0 196 SS 2190 
0.42 20 su 
{ 0 0 14 ’ 
4.02 " 0 180 14 1600 
0 0 144 124 1500 
10 102 219 14: 1395 
) 0 90 235 lS 
; Zs 90 251 178 
0 ] 256 1s 1990 
28 90 


0 ogo 14 21 0 
0 t1S 4 1760 

Interruption of the current is indicated by zero values 
for kilowatts and volts; the time of restarting is shown 
by the next significant figures in these columns. 

Although the lime insulation did not melt under this 
severe test, it shrunk considerably over the center of 
the roof, and a red hot spot at that point required the 
addition of more lime during the test. Most of the heat 
loss indicated by the rapid cooling when the current 
was cut off at 3.47 occurred around the spout. The 
heat conductivity of fused magnesia proved so great 
that the steel shell was entirely melted away in front 
of the roof; a small piece of the spout was also melted. 
The only serious damage was caused by the melting of 
a portion of a very refractory alumina brick used as a 
door during a part gf the test. This ran down inside 
the furnace and fluxed the bottom. For operating at 
this high temperature better insulation of the front of 
the furnace is required, and can be secured by lessening 
the thickness of the magnesia which extends through 
the insulation to the shell, and by covering the outside 


of the magnesia door by a heat insulator. 
boratory of Applied Electrochemistry, 
University of Wisconsin 


Instruments for Recording Carbon Dioxide in Flue 
Gases.—The Bureau of Mines has undertaken the test- 
ing of several different types of apparatus for the 
analysis of flue gases and published the results in Bul- 
letin 91. Awakened activity in power-plant economies 
has brought many new forms of carbon dioxide appara- 
tus on the market. The tests were made under service 
and laboratory conditions and the results show the fac- 
tors which may affect the accuracy of a CO, recorder 
and the manner in which a recorder should be tested. 
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The Sherardizing Process 
BY OLIVER W. STOREY 


The present conflict in Europe has caused a spectacu- 
lar rise in the price of most metals. Zinc has been one 
of those affected, the present price being about 13 cents 
compared with 6 cents under normal conditions. Zinc 
dust, or the so-called “‘blue-dust,” necessary for the sher- 
ardizing process, has jumped from 7 to 40 cents with 
little available. Users of the sherardizing process are 
necessarily interested, with the present high price of 
zine dust, in securing a maximum of protection with a 
minimum expenditure of zinc. It is the purpose of 
this article to show how this may be best accomplished, 
together with an explanation of the fundamental prin- 
ciples involved. 

It has been within the past decade that the sher- 
ardizing or “dry galvanizing” process has taken its 
place among the many methods used to protect iron and 
steel against corrosion. The method of applying the 
zine is different from either the electro or hot gal- 
vanizing processes. It is applied by heating the ob- 
jects to be coated in finely divided zinc to a tempera- 
ture well below the melting point of zinc. When the 
process is properly carried out the resulting coating is 
hard and crystalline and consists of an iron-zine alloy 
high in zine which protects the iron base. 

The finely divided zinc used for the sherardizing 
process is usually the so-called “blue dust” obtained as 
a by-product from the zinc smelter. This “blue dust” is 
a zine dust of extreme fineness, each metailic zinc par- 
ticle being covered with a film of oxide. A prepared 
“sherardizing zinc” is also on the market consisting of 
practically pure zinc powdered to about 100 mesh fine- 
ness. This is often used in connection with “blue dust” 
but is probably never used alone. A granular zinc-iron 
alloy’ of the composition FeZn,, is used to a limited ex- 
tent. 

The sherardizing process is the invention of Sherard 
Cowper-Coles, an Englishman. While the first patents 
were granted about fifteen years ago, it was not until 
1908 that the first commercial plant was in operation in 
the United States. Since then the process has come into 
extensive use for certain classes of articles. 

The articles that are most successfully treated are 
nuts, bolts, screws, nails, pipe fittings and the like, small 
castings and various intricate shapes which cannot be 
perfectly coated by the older processes. Sherardizing is 
especially adapted to small articles that can be loaded 
inte drums and afterward separated from the dust by 
screening. Pipes are also being successfully coated 
both on the interior and exterior. Large flat pieces such 
as sheets are treated with difficulty. Up to the present 
time continuous sherardizing of wire and similar prod- 
ucts has not been entirely successful. 

The principles involved in the sherardizing process 
were not entirely unknown previous to the time of Cow- 
per-Coles’ patent, for in 1838 Miles Berry took out a 
British patent in which he coated iron and copper in a 
manner similar to the present process. Various other 
patents of a similar nature were granted from time to 
time, but none of commercial importance. The ancients 
hardened copper in a manner similar to the present 
cementation process for carbonizing iron and resembling 
the methods employed in sherardizing. In certain lo- 
calities they placed the copper in the ground which was 
heated for a period of time by building fires over the 
place. Needless to say the ground in these favored 
localities contained zinc or tin ores. Brass was made, 
up to the beginning of the last century, by heating cop- 
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per in contact with zine ores, a process similar to sher- 
ardizing. 

At the present time the process is carried out in the 
following manner. The articles, previously cleaned of 
all dirt, scale, or grease, are imbedded in a drum of suit- 
able zinc dust and are heated for the proper length of 
time to the correct temperature, removed from the fur- 
nace and allowed to cool. The zine dust is then sep- 
arated from the coated articles by screening. As the 
metallic content of the zinc dust drops, it is maintained 
at the proper percentage by the periodic addition of new 
dust. Theoretically this is a comparatively simple 
process. 

Unfortunately when sherardizing was first intro- 
duced into this country many extravagant claims were 
made for the process as is so often done with new inven- 
tions. As the process came into use there were many 
disappointments because these extravagant claims were 
not borne out in practice and as a result the commercial 
development was slow until the nature of the process was 
understood and its limitations ascertained. The state- 
ment that “the sherardizing process adds nothing to the 
surface of the article” caused the greatest amount of 
trouble. The claim was made that “you can take a 
screw from your watch—sherardize it, and you can re- 
place it again without rethreading.” Where screw- 
threads were sherardized on this assumption, the indig- 
nation and wrath of the manufacturer may be imagined 
when threads came back for recutting. As zinc is added 
to the surface of the iron due allowance must be made 
for it. 

While the sherardizing process has been in commer- 
cial use for almost a decade, it is doubtful whether the 
average quality of sherardizing has been improved dur- 
ing that period except in a few instances where a thor- 
ough study of the process has been made. In making 
tests of the work turned out by various manufacturers, 
the writer has found that the quality varies greatly. In 
some cases, the protection afforded, even with a heavy 
deposit, was small while in other instances thin coatings 
were practically indestructible under ordinary weather- 
ing conditions. 

The difference in quality of the different deposits is 
caused by a difference in the methods used for the 
deposition of the zinc. A lack of understanding of the 
effect of the relation of time, temperature and metallic 
content of the dust on the quality of coating formed has 
resulted in the deposition of poor coatings. To fully 
understand the relation of the above variables to the 
quality of the coating it is necessary to know the nature 
of zinc-iron alloys. 


Alloys of lron and Zinc 


The exact compositions of the alloys of zine and iron 
are not known. The solubility relations of the twe 
metals have been studied by Wologdine’ and von Vege- 
sack’ but the results of these two workers are not en- 
tirely in agreement. 

Both investigators show that iron is totally insoluble 
in zine in the solid state. The freezing point of the 
zinc increases rapidly with increase of iron. The first 
freezing occurs at 419 deg. for the pure zinc which 
rises to 755 deg. at about 8 per cent of iron. Both dia- 
grams show that pure zinc separates out from the alloy 
up to about 7 per cent of iron. 

The diagrams beyond 8 per cent of iron are not in 
agreement. Wologdine shows that at this point the 
freezing temperature reaches a maximum after which 
the curve drops again. Unfortunately he did not work 
with alloys containing more than 10 per cent of iron. 


*Wologdine, S., The Alloys of Zinc and Iron. Revue de Metal- 
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With more than 9 per cent of iron a secondary freezing 
took place at 685 deg. This would seem to indicate that 
an eutectic occurs at between 10 and 11 per cent of iron. 
The maximum point on the curve at about 8 per cent 
would seem to indicate that a chemical compound is 
formed which would have the composition FeZn,, and 
which Wologdine succeeded in isolating. This compound 
appears to dissolve a small amount of zinc though the 
data are incomplete on this point. At above 8 per cent 
of iron it seems to form an eutectic with one of the com- 
pounds richer in iron. 

Von Vegesack’s diagram, on the other hand, shows no 
discontinuity at 8 per cent, the freezing point increas- 
ing steadily with an increase in iron content. At 10.9 
per cent, he shows that the compound FeZn, is formed 
which corresponds closely with Wologdine’s eutectic at 
685 deg. The compound FeZn, is shown to dissolve be- 
tween 3 and 4 per cent of zinc in the cold so that the 
point of maximum solubility of these two constituents is 
between 7 and 8 per cent of iron corresponding to the 
FeZn,, of Wologdine’s diagram. Von Vegesack 
shows that the compound FeZn. is formed. 

If iron is added to a bath of pure zinc at a tempera- 
ture slightly above the melting point of the latter it will 
dissolve readily. If about 4 per cent is dissolved, which 
gives the alloy the consistency of ordinary galvanizer’s 
dross, and is examined under the microscope, the alloy 
will be found to consist of a number of brilliant, hard, 
definite crystals imbedded in a matrix of pure zinc. With 
4 per cent of iron these crystals cover about one-half the 
field. If these crystals, which are much less soluble in 
acids than the pure zinc matrix, are analyzed, they will 
be found to contain about 8 per cent of iron. As the 
percentage of iron in the alloy is increased and the 
amount approaches 8 per cent the entire alloy consists 
of these crystals. On the other hand as low as 0.07 per 
cent of iron in zine can be detected under the micro 
scope by these crystals. 

This 8 per cent alloy is peculiar in its properties. If 
it is melted and allowed to cool in a crucible, the freez- 
ing proceeds normally. When it cools to a low red heat 
after freezing, recrystalization takes place and the al- 
loy, if not under pressure, will expand and break the 
crucible. If the alloy is allowed to cool in a spelter 
mold it will rise very much like a loaf of bread. If the 
metal is of the correct composition, it then will crumble 
and consist of a mass of loose crystals. 

These crystals may also be made by tumbling the 
requisite amount of iron with zinc kept at just above the 
melting point of the latter. A loose mass of brilliant 
crystals will result. 

Whether the peculiar alloy formed at 8 per cent of 
iron is the compound FeZn,, or whether it is a solution 
of zinc in FeZn, cannot be definitely settled until the 
solubility relations of the two metals have been re- 
checked. 

By analogy it appears that the brittle alloy contain- 
ing 8 per cent of iron should be a definite compound, 
FeZn,, and not a solid solution of zinc in FeZn,. It is 
known that solid solutions are perfectly homogeneous 
and malleable‘ and all industrial alloys which are capable 
of being cold rolled, drawn, or spun, are solid solutions. 
Eutectics are more or less brittle and intermetallic com- 
pounds have the same property. The FeZn,, is of def- 
inite crystal form and extremely brittle and has none of 
the properties of a solid solution and all the properties 
of an intermetallic compound. 

The meager and conflicting data on the solubility re- 
lations of zinc and iron make the exact nature of the al- 
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loys formed in sherardizing of some doubt. Before the 
process can be fully explained these data will have to 
be obtained. 

The swelling of the zinc-iron alloy is not peculiar to 
it alone, but has been noted in several other alloys, for 
example, in one of iron and aluminium.’ 


Iron Content of Sherardized Coatings 


Several investigators have made a study of the zinc- 
iron alloys formed in the sherardizing process but the 
conclusions reached have differed. These investigators 
have found the iron content to vary from 9 to 30 per cent 
and the coating to consist of from 1 to 4 layers of differ- 
ent zinc-iron alloys. A result of these conflicting state- 
ments is that it is difficult to understand the exact na- 
ture of the coating formed in the sherardizing process. 

These conflicting results obtained may be correlated 
when it is shown that the iron content of the sherardized 
coating is a function of the temperature used, which in 
turn is determined by the percentage of metallic zinc in 
the dust. If the investigators had given these data their 
results would have shown the alloys that were formed at 
different temperatures and concentrations of zinc. 

The writer has determined to a limited extent the ef- 
fect of temperature on the iron content of sherardized 
coatings. The analyses were made on coatings of ap- 
proximately the same thickness. The time of deposition 
was the same while the concentration of zinc in the dust 
determined the temperature necessary to secure the 
necessary thickness of coating. Unfortunately it was 
impossible to secure accurate temperature measure- 
ments as the experimenting was done with large drums 
traveling through a tunnel type furnace. 

The metallic content of the zinc dust varied from 18 
to 42 per cent, the variation in temperature necessary 
for these extremes being about 65 deg. C., the higher 
metallic content requiring the lower temperature. With 
a metallic content of 18 per cent the iron content was 
22.45 per cent while with a metallic content of 42 per 
cent the iron content of the coating dropped to 11 per 

nt. These percentages were obtained with a coating 
of about 0.6 ounce per square foot. The data obtained 
with intermediate metallic percentages showed that the 
iron content of the sherardized coating is proportional 
to the temperature used, the rate of deposition being 
constant. Tests were not carried out to determine the 
composition of the coating with a dust of varying 
metallic percentages at a constant temperature. 

From the above data the variation in iron percentages 
reported by earlier investigators and the differences un- 
der the microscope are explained. The investigation of 
the sherardized coating with reference to its structure 
is incomplete without a knowledge of the depositing 
conditions. 

The higher the temperature of deposition the higher 
the percentage of iron in the alloy provided the rate of 
deposition is the same. The increased quantity of the 
base metal alloyed with the zinc at the more elevated 
temperatures is easily shown when copper is sherar- 
dized. Here the colors are such that the resulting alloys 
are easily recognized. 

When a piece of copper is sherardized at a compara- 
tively low temperature, about 300 deg., the coating will 
consist of a hard silvery alloy with traces of an inter- 
mediate yellow alloy. This hard silvery coating of cop- 
per and zinc cannot be “touched” by a file and will take 
a high polish. 

If the copper is sherardized at a comparatively high 
temperature, 400 deg.. and then cooled slowly, the coat- 
ing will be found to consist of two definite layers. The 
outer layer will consist of the hard, silvery, crystalline 
alloy previously mentioned while the intermediate layer 
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will consist of an alloy having the color of yeilow brass. 
These two alloys, together with the copper base, form 
definite layers that do not merge into each other with a 
gradual gradation of color but are sharply defined as 
though formed by the piling up of sheets of vari-colored 
metal. No pure zinc was found at any time on the sur- 
face. 

When etched and viewed under the microscope the 
junction of the three layers, copper, brass and white 
metal, reveals another peculiarity. The structure of the 
outer two layers is granular like that of pure annealed 
iron while that of the copper is less definite. The divid- 
ing line between the yellow and white brass does not 
follow the grain outlines but cuts across these grains. 
The granular structure of the two brasses is continuous. 

An analysis of the two layers, these results being 
checked on several specimens made in different heats, 
showed that they were of definite composition. The 
outer silvery layer showed a composition of about 67.3 
per cent zinc and 32.7 per cent copper which corre- 
sponds to the formula CuZn,, while the inner or yellow 
brass layer corresponded to the formula CuZn or about 
50.7 per cent zinc and 49.3 per cent copper. If the heat- 
ing is prolonged enough, the entire specimen changes to 
CuZn.,. 

By heating the copper and zinc dust to various tem- 
peratures and for different periods of time it was 
thought possible to form other layers than those men- 
tioned but the above alloys always resulted. 

From the above data it appears reasonable that copper 
and zine form two definite intermetallic compounds at 
sherardizing temperatures, CuZn and CuZn,, and that no 
others are formed. These data should be of help in in- 
terpreting equilibrium diagram data for the copper-zinc 
alloys. 

The results obtained in sherardizing copper show that 
the higher temperature results in a higher copper con- 
tent of the coating and that the alloys formed are in 
definite layers, each having a definite composition cor- 
responding to an intermetallic compound. 

Since iron and zinc and their alloys are of the same 
color it is difficult for the eye to detect distinct layers 
on sherardized iron. For this reason, the layers can- 
not be removed as readily and analyzed. But by proper 
polishing and etching methods, the sherardized iron 
structure may be studied. 

Since the solubility data on iron-zinc alloys are con- 
flicting it is impossible to know what compounds and 
solutions these metals form. Without these data it is 
impossible to assign a definite composition to the layers 
formed on sherardized iron. By analogy to the copper- 
zine results it is reasonable to suppose that with low 
temperatures a high-zine alloy will be formed while at 
high temperatures a high-iron alloy will be formed. 

Burgess’ in his investigation of the sherardized coat- 
ing shows but one main layer to be formed. This layer, 
by analysis, corresponds closely to the formula FeZn.,. 
Only a very thin film of relatively pure zinc is formed 
on the exterior while there is an indication of a thin 
alloy between the FeZn., and the iron. This thin alloy 
is probably higher in iron. That the samples used by 
Burgess were made at a low temperature is indicated 
by the low iron content. The FeZn,, compound, when 
alloyed to the iron, has a peculiar fissured appearance. 
This appearance is due to the peculiar crystallizing ef- 
fects previously noted when this alloy is cooled from the 
molten state. This compound is shown by Burgess to be 
present also in hot galvanized iron. 

Arthur and Walker* show that the main layer: formed 
in sherardizing under certain conditions of time, tem- 

Bureess, C. F. Sherardizineg Magazine, Vol. 1, March, 1910. 
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perature, and concentration of zinc dust, consists of the 
peculiar fissured alloy previously noted by Burgess. They 
also point out that a second thin alloy high in iron is 
formed between the main alloy and the iron base. They 
assign the formula FeZn, to this material. They also 
state that if the time of deposition is lengthened and a 
dust high in zine is used a layer of pure zinc will form 
on the exterior of the sherardizing. Definite proof of 
the composition of the various alloy layers investigated 
is lacking, owing to the absence of reliable solubility 
data. 

In their description of the structure of galvanized iron 
Arthur and Walker show that crystals of the iron-zinc 
alloy are present in the zinc. The formation of the al- 
loys between the iron and zinc is also noted. 

The structure of the sherardized iron depends entirely 
upon the time, temperature, and concentration of the 
zinc dust used. With the high temperature necessary 
with a lean zine dust alloys high in iron will be formed 
on the surface. With a rich zine dust and a low tem- 
perature the alloy formed will be high in zinc and may 
have some free zinc on the exterior though this layer of 
zine will be thin. Johnson and Woolrich’ state that it 
is impossible to sherardize pure zinc which would seem 
to indicate that it is impossible to obtain a coating of 
pure zine of any appreciable thickness on the exterior of 
sherardized iron. 


Theory of Sherardizing 


Several theories have been advanced in trying to ex- 
plain the formation of the coating in the sherardizing 
process. None have been entirely satisfactory. 

Hinchley* advances the explanation that the magnetic 
oxide is first formed in the heating of the articles and 
that this oxide is subsequently reduced by the metallic 
zinc with the formation of zinc oxide and the zinc-iron 
alloy. But when it is shown that sherardizing can be 
carried out more easily in a vacuum where the magnetic 
oxide is not formed, this theory does not hold. 

The vapor theory, which has been generally accepted 
as explaining the mode of zinc deposition, states that 
the zine vapor present, due to the slight, though appre- 
ciable vapor pressure of less than 0.100 millimeter, is 
sufficient to allow enough zine to be condensed on the 
iron to form the protective alloy. Although the vapor 
pressure of zinc at sherardizing temperatures is almost 
negligible that of the finely divided zinc or blue dust is 
several times greater. That this is the cause of the 
relatively higher rate of deposition than could be ob- 
tained from ordinary zinc is the basis of the vapor 
theory. 

The vapor theory is not without objections. The 
writer has experienced much trouble in the sherardizing 
of large pieces of flat work in non-revoiving boxes. If 
the dust was not in close contact with the entire area 
those parts which were not touched by the dust were not 
sherardized. Hinchley* also states that if a cavity of 
0.001 in. is left about the article to be sherardized only 
the points of contact are acted upon. In commercial 
sherardizing, zinc oxide in varying amounts is often 
found enclosed in the coating which would not be prob- 
able if it were purely a vapor process. 

The sherardizing process should not become confused 
with the vapor coating process. The inventor of the 
sherardizing process also coats iron or steel by subject- 
ing it to the vapors of zine at a temperature which is 
much higher than that used in the sherardizing process. 
But with the low vapor pressure of zinc, at the sher- 
ardizing temperature, even in the form of dust, the 
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amount of condensation or other vapor alloying action 
must be small, and it does not seem reasonable to at- 
tribute the large amount of metal deposited to the vapor 
alone. 

If strips of polished copper and zinc are clamped to- 
gether so that considerable pressure is exerted between 
the two pieces, and these are then heated to about 350 
deg. C. for about twenty minutes, the copper strip will 
become covered with a white alloy, CuZn, showing that 
alloying has taken place. 

If two similar strips, placed together but under no 
pressure, are heated in a non-oxidizing atmosphere, no 
alloying or welding action is observed and the copper 
is uncolored by the zinc except at the points of contact. 
Intimate contact obtained by pressure was required in 
the first instance to secure alloying action, while in the 
second, though the metals were in close proximity, no 
action took place. If a vapor formed no evidence of 
condensation is visible on the copper. Copper is used 
in these experiments because of the color formation 
which makes the alloying action easy to detect. 

The metal zinc is chemically active when compared to 
the other common metals, such as tin, lead, copper, 
nickel and iron. This property is common to the three 
metals of the subdivision of the periodic group to which 
zinc belongs. Mercury and cadmium are the remaining 
members. 

The chemical activity of mercury and the ease with 
which it forms alloys or amalgams with many metals 
is a universally known property. Zinc is next to mer- 
cury in its chemical activity while cadmium is the least 
active. 

From our knowledge of the similar properties of the 
elements in a periodic group we would expect zinc and 
cadmium to have properties similar to mercury, but to 
be less active. This is found to be the case. While 
mercury amalgamates or alloys with many metals in the 
cold, there is but one metal, gold, with which zine wil! 
amalgamate or alloy with in the cold. 

If a thin film of gold is plated onto zinc and allowed 
to stand for a few weeks at atmospheric temperature 
the gold will have completely disappeared and become 
alloyed with the zinc. Other metals will alloy with zin 
in a similar manner, but require a more elevated tem 
perature. 

In considering the sherardizing process and the alloy- 
ing action of zinc and iron at relatively low tempera 
tures, it becomes necessary to consider similar results 
obtained with other metals. 

In 1896 Roberts-Austen’ showed that it was possible 
to alloy gold and lead at temperatures well below the 
melting point of lead, and even at temperatures belov 
the boiling point of water. At higher temperatures t! 
process is much more rapid so that gold is able to ris 
against gravity to a height of 7cm. in lead at 250 deg 
in less than a month. The latter temperature is 77 deg 
below the melting point of lead. 

Gold” diffuses in silver at 800 deg., the diffusivi' 
being of the same order as that of gold in lead at 2 
deg. 

Spring" showed in 1894 that carefully surfaced cy!!: 
ders of copper and zinc, heated six or eight hours 
400 deg., formed a layer of yellow alloy to a depth 
0.8 mm. 

In considering the theory of the deposition of z) 
in the sherardizing process some experiments taken 
from a thesis on “sherardizing” submitted by the author 
at the University of Wisconsin in 1910 will be of 
interest. 
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Antimony was found to behave in a manner similar 
to zinc, and iron could be easily coated by antimony at 
the low temperatures used with zinc dust. The anti- 
mony used was the ordinary commercial material which 
had been granulated in a mortar. The antimony also 
coated copper easily, and formed two layers, one of 
which was identified as the purple SbCu,. Zine speci- 
mens were coated by the antimony while antimony 
could be sherardized in zinc dust. The coatings on the 
zinc and copper specimens formed by the antimony were 
loose and adhered but slightly to the base. 

Aluminium could not be sherardized with zinc or anti- 
mony at the temperatures used. 

Aluminium dust did not coat iron or zinc, but copper 
was affected and turned a golden color. (Iron may be 
coated by aluminium by a process similar to sherardiz- 
ing in the so-called calorizing process, though the tem- 
perature is above the melting point of aluminium.)” 

Copper powder used as a sherardizing material did 
not coat, probably due to the formation of the oxide. 

Arsenic coated both the zinc and copper heavily and 
easily, while iron was not affected by it except at higher 
temperatures than those used for sherardizing. 

In view of the above data showing that sherardizing 
may be carried out with various metals, especially an- 
timony, at temperatures used ordinarily in sherardizing 
with zine dust, and where the vapor tension is prac- 
tically nil, it does not appear that the action in the case 
of zinc should be entirely different. If the action of 
antimony or aluminium is by contact why should not 
the action of zinc be that of contact? While the vapor 
may play a small part in the case of zinc, especially 
when the temperature approaches the melting point, it 
is probably mostly contact action. This action will 
probably occur most readily where inter-metallic com- 
pounds are formed, and for this reason the sherardizing 
may be a measure of the affinity of certain metals, and 
may be of use in determining the constitution of alloys. 

Desch” states that: “Microscopical examination shows 
that union takes place particularly between those metals 
which form inter-metallic compounds, but that the 
typical eutectic and other structures characteristic of 
solidified metals are not produced. The fact of union is 
most patent when metals which form colored compounds, 
such as copper and zinc, or copper and antimony, are 
heated together.” 

The data show that the formation of alloys below the 
melting point depends almost entirely on the forma- 
tion of inter-metallic compounds. A few exceptions 
are noted where solid solutions are formed as in the 
case of gold and silver. Our information on the com- 
position of alloys is too meager to formulate any definite 
law. This phase of the study of the formation of alloys 
has barely been touched upon and offers a rich field for 
further research. 

Diffusion also plays an important part in sherardiz- 
ing and in the formation of alloys below the melting 
point of the constituent metals. After the first alloy- 
ing at the surface of the metals takes place solid dif- 
fusion commences. The two metals diffuse through the 
alloy formed from a place of higher to lower concentra- 
tion until equilibrium is attained. 

Zinc has the property of forming compounds with 
many of the metals and this activity is probably the 
basis of the sherardizing action. Without the ability 
to form compounds it is doubtful whether the reactions 
involved in sherardizing would occur below the melting 
point of zine. This is illustrated by the action of pow- 
dered zine on copper. 

Copper and zinc form a series of solid solutions when 
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melted together. Yet when copper is sherardized under 
varying conditions two compounds are _ invariably 
formed, CuZn and CuZn,. No other proportions of the 
two metals have been found. 

One of the principles involved in chemical reactions is 
that a more finely divided material is more active than 
one less finely divided since a more intimate contact be- 
tween the reacting materials is obtained. The finely 
divided zine dust is in such shape that it is in more in- 
timate contact with the article to be sherardized than 
ordinary granulated zinc would be and this is borne out 
in sherardizing practice. The ordinary “blue dust” ad- 
heres so well to any surface that it can only be removed 
with difficulty. Many chemical reactions cannot be car- 
ried out successfully unless the materials are finely 
divided and in intimate contact. 

Johnson and Woolrich’ show that when the articles 
are not tumbled finely divided zinc dust is not as rapid 
in its action as a coarser dust. But the opposite seems 
to be true from practical experience when the container 
is revolved. If the container remains stationary they 
show that with zinc dust of 100 to 150 mesh fineness it 
is deposited nearly twice as rapidly at 370 deg. C. in 
three hours than with the finest zinc dust. The coating 
obtained with the coarser material was much rougher 
as is often found in commercial practice. It is also 
stated that the coarse zinc dust particles had a tendency 
to fuse together at that temperature. 

The above statement shows that the zinc at the sher- 
ardizing temperature is more or less plastic and can be 
easily welded or joined to other metals in the same man- 
ner that iron, platinum and other metals may be welded 
together well below their fusing temperature. By the 
vapor theory the coating should not be rough but this 
work shows that the zinc particles actually become 
welded to the iron or the alloy and in that way quickly 
form a rough and heavy coating. This welding action 
is aided by the formation of the inter-metallic com- 
pounds. 

When an article is tumbled with coarse zinc, the in- 
ter-metallic welding action cannot be carried to com- 
pletion due to abrasion in contrast to the opposite con- 
dition when no tumbling occurs. This explains the high 
rate of deposition for coarse particles obtained by John- 
son and Woolrich in comparison to the finer zinc dust. 
In commercial practice the finer particles react more 
quickly and are welded and alloyed completely with the 
iron before they can be removed by abrasion. 

The necessity of intimate contact is again shown by 
Weyl’s* experiments in which he carbonized iron with 
pure carbon by contact at temperatures above 1000 deg. 
C. in a vacuum. Here the reaction between iron and 
carbon to form iron carbide did not take place until in- 
timate contact between the iron and carbon was se- 
cured. No gases were necessary to carry out the car- 
burization. 

In the same way, a low-carbon and high-carbon steel 
may be heated in contact with each other” and no trans- 
fer of carbon from the high to the low carbon steel will 
result unless the surfaces were previously polished and 
pressed firmly together. These surfaces ultimately 
weld together. 

The various instances given show that metals unite 
below their melting points under proper conditions and 
by analogy the active zine will unite with iron, copper, 
nickel, and other metals below its melting point because 
of the affinity of the metals involved as shown by the 
inter-metallic compounds formed. 

Johnson and Woolrich,’ in support of the vapor theory, 


“Weyl, Fritz. Cementation in a Vacuum by Means of Pure Car- 
bon. Metallurgie, Vol. 7, p. 440. 


SAdams, F. W. e Diffusion of Carbon in Iron. Engineering, 
Vol. 100, 1915, p. 95. 








688 METALLURGICAL AND CHEMICAL ENGINEERING 


carried out experiments in which they sherardized iron 
with various alloys of zine that contained small per- 
centages of other metals. Those mentioned were zinc- 
aluminum, zinc-tin, and zine-iron (FeZn,,). The rate 
of deposition of coats on iron or copper from these al- 
loys was less in every case than for pure zinc. They 
also found that if copper was sherardized with FeZn,, 
the white alloy formed below the melting point of zinc 
contained no iron while with increasing temperatures 
above this the percentage of iron increased. These data 
are not entirely in accord with results obtained by other 
investigators. Where the diluting metal does not form 
an inter-metallic compound with iron or zinc it probably 
will not be found in the resulting coating. While the 
data presented are not in conflict with the vapor theory 
they also are in accord with the contact theory. 

The presence of a second metal will dilute the zinc so 
that the action will not be as rapid if the metals used 
do not form compounds directly with the iron. The 
character of the diluent, whether it is sand or a metal, 
is not of moment, provided it is not as active toward 
iron as zine. 

While engaged in commercial work in sherardizing 
the writer had occasion to make some 15 to 20 tons of 
FeZn,, for sherardizing purposes. It was found that by 
the addition of from ‘2 to 1 per cent of aluminium the 
oxidation was cut down appreciably and the coating was 
much whiter. An analysis of the coating formed on 
iron showed aluminium to be present. This does not 
bear out the experiments of Johnson and Woolrich’ who 
state that aluminium when present in the coating 
medium will not be found in the coating if the tempera- 
tures are kept below the melting point of zinc. 

Hinchley® also states that if other metals, whose ox- 
ides are reduced by zinc, are present in the zine dust, 
these metals will appear as impurities in the coating. 

The writer found that if the white zinc-copper alloy, 
CuZn., containing 31.9 per cent copper, formed when 
copper is sherardized, is used for the coating of iron no 
action takes place even at a low red heat. On the other 
hand copper is readily coated by means of the iron-zinc 
alloy, FeZn,, with the formation of CuZn, Here we 
have an irreversible reaction. The affinity of the cop- 
per and zinc is evidently much greater than that of the 
iron and zine. 

The action of FeZn,, in sherardizing is not fully 
known. The temperature required to sherardize with 
this material is slightly higher than with the zine dust 
and the coating always contains a higher percentage of 
iron than the FeZn,,, the total iron being usually from 
12 to 16 per cent. In commercial practice it has been 
found that the FeZn,, may be used for sherardizing pur- 
poses for a long period of time without any increase in 
its iron content. This would seem to indicate that the 
FeZn.,, is deposited as such on the iron though it is not 
the case with copper. 

With the data presented and by a consideration of the 
laws of physical chemistry as applied to the formation 
of alloys it appears to the writer that the sherardizing 
action is mainly a contact action when carried out at 
the usual temperatures. This contact action is made 
possible by the formation of inter-metallic compounds. 
Zinc vapor may enter into the action at low tempera- 
tures but it is only at the higher temperatures, that is, 
near the melting point of zinc, that the vapor tension 
becomes high enough to enter appreciably into the re- 
action. 

Trood™ first explained the process as due to the 
porosity of the iron, the zinc vapors entering and de- 
positing in these pores. He likened the process to the 
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absorption of hydrogen by palladium and of ammonia by 
charcoal. He” later modified his first theory by stating 
that at the sherardizing temperature iron and zinc va- 
pors are formed which produce ionic charges. Owing to 
the difference of potential of the ionic charges, ionic dis- 
charges occur which precipitate zinc with traces of iron. 
There is little evidence to support these two theories. 


Effect of Lron in Coating on Its Weathering Properties 


The iron in the sherardized coating has an important 
effect on its weathering properties. The writer has 
found that coatings containing high percentages of iron 
withstand weathering poorly. 

While all of the zinc-iron alloys are electropositive to 
iron” their ability to withstand corrosion varies. The 
zinc-iron alloys rich in zine, when exposed to the at- 
mosphere, will usually turn a deep gray and finally 
black. At other times the surface will turn a pale yel- 
low or red due to the oxidation of the iron in the surface 
alloy or in the adhering dust. This coloration will grad 
ually become darker and turn black. This black coating 
is supposed to be the magnetic oxide of iron. Sherar- 
dizing which has this surface formation, becomes high- 
ly resistant to further corrosion. But this magnetic ox- 
ide is not formed in all cases. 

The writer, in testing coatings containing varying 
percentages of iron, has usually found that those con- 
taining high percentages, above 15 to 20 per cent, are 
not as resistant to corrosion as those containing lower 
percentages. The sherardizing soon became covered 
with red iron oxide. Instead of turning black this oxide 
did not change in color and became flaky and penetrated 
to the iron in a short period. Such sherardizing prac- 
tically afforded no protection. 

The amount of iron in the zinc dust used also is im- 
portant. If the zine dust used is high in iron, 2 to 4 
per cent, the dust clinging to the coating will turn red 
when it becomes moist. A heavy layer of iron oxide is 
formed immediately and this appears to penetrate to the 
iron base more easily. A few tenths of 1 per cent of 
iron in the dust will discolor the product. By keeping 
the zinc dust free from iron, the surface of the sher- 
ardizing cannot become colored until the iron in the 
coating is attacked. The coloration obtained in that 
manner turns to the black oxide more readily. 

When the coating is high in iron the structure is more 
or less complex as it consists of several alloys. The po 
tential of these alloys decreases with the increase in 
iron content and as a consequence the electrochemical 
action between the various layers results in a more 
rapid destruction of the coating. For this reason the 
sherardizing should be done so that the coating will con 
sist of a single layer of alloy or a condition approxi- 
mating that. And that result can probably only be ob 
tained at low temperatures. 

The writer has found that some manufacturers were 
unable to turn out as good a coating at the end of a 
year as when they first installed the process. When 
the process was new the metallic content of the zinc 
dust was high while the iron content was negligible. A 
a result a low temperature was used and a good coating 
was obtained. As the zinc dust was used the metalli 
content dropped and the iron content of the dust in 
creased due to various causes. The temperature re 
quired for sherardizing had to be increased and as 4 
result the coating became less resistant to weathering. 

The most satisfactory results are obtained with coat 
ings that will turn directly from the silver gray sher 
ardizing to the deep gray and finally black magnetic ox 
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ide. While a yellow or red coloration is not harmful if 
it eventually turns to the black magnetic oxide, the color 
gives the article sherardized a rusty and poor appear- 
ance which is detrimental to its further sale. To avoid 
trouble, the yellow or red oxide should not be formed. 


Results Obtained at the General Electric Company” 


To obtain the best possible results in service corro- 
sion tests, the sherardizing process has been studied in 
detail at the General Electric Company. By studying 
the process in detail the practice was standardized and 
a coating was obtained that gave satisfactory results 
under highly corrosive conditions. 

It was found that in order to secure complete control 
of the process it was necessary to have complete tem- 
perature control and an unvarying quality of zinc dust. 
Electric heating was found to give the best results. 

The zinc dust used consists principally of the so-called 
“sherardizing-zinc,” a granulated zinc, with an addition 
of a small proportion of “blue-dust” or oxide. It con- 
tains from 80 to 92 per cent of metallic zinc. It would 
be impossible to run “blue-dust” with this high metallic 
content due to its caking. With the electric heating 
there is also no danger of over-heating as is the case 
with the gas fired or other direct fired furnace. With 
such a high metallic content the temperature regulation 
has to be close. The temperature used is about 365 
deg. C. 

The zine dust is run through a magnetic separator 
from time to time and in this way is freed from iron. 
This prevents an undesirable accumulation of iron in 
the dust which causes an early discoloration of the 
coated articles. 

A study of their data on sherardizing shows that the 
specific gravity of the coat under a certain set of condi- 
tions varies from 1 at 35 per cent of metallic zinc in 
the dust to 6.75 at 80 per cent. This shows that the 
coatings obtained under the vsual sherardizing condi- 
tions are more or less porous or contain occluded oxides, 
etc. 

The specific gravity has a decided influence on the re- 
sistance of the coating to corrosion. By means of the 
salt spray test it was found that only a coating with a 
density of at least 6.75 would stand up satisfactorily. 
This means that if the sherardizing is done with a dust 
containing less than 80 per cent the salt water spray 
tests will be unsatisfactory due to the porosity of the 
coating. 


Further Corrosion Data on Sherardizing 


Burgess” carried out an extensive investigation on 
sherardizing which included corrosion tests. 

The sherardized coating was shown to adhere firmly 
to the underlying iron. In the acid corrosion tests the 
iron-zine alloy was less easily attacked and therefore 
equal weights of hot or cold galvanizing were not as re- 
Sistant. 

‘he sherardizing coating had an average single po- 
tential of about 0.20 volt which would make it positive 
encugh to protect iron. Burgess states: “The poten- 
tia’ of the alloy coating is in the neighborhood of 0.20 
to \.25 volt as against 0.50 volt for pure zinc. It ful- 
fill. therefore the requirements of being electropositive 
to ron and it is probable that the slower rate of corro- 
sic. as compared to the more electropositive forms of 
zir, is due to the fact that it is not electropositive to a 
wasteful degree. In the potential measurement, there- 
for’, we see a very definite reason why a sherardized 
Coating is more resistant to galvanic action than are 
othr forms of zinc.” 

neral Electric Co. General Facts About Sherardizing. Bulle- 
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Burgess found that the yellow appearance of the coat- 
ing after exposure to the atmosphere was not harmful 
as it was merely the oxidation of iron in the dust cling- 
ing to the surface or the oxidation of the iron in the 
surface of the coating. This yellow color gradually be- 
came darker and finally turned black after which it was 
highly resistant to corrosion. 

Leighon and Calderwood” carried out a series of tests 
on electrogalvanized and sherardized conduits and re- 
ported favorably for sherardizing. 

Sherardized, cold-galvanized, and hot-galvanized fence 
wire erected by the American Society for Testing Ma- 
terials in Pittsburgh, Pa., at the Carnegie Technical 
Schools were inspected by the writer in June, 1915, just 
previous to their removal. These had been exposed for 
about 6 years to the weather. 

The cold-galvanized fence wire was almost completely 
destroyed. The hot-galvanized, which had been heavily 
coated without wiping after fabrication, was in good 
condition, except for the top row of vertical strands. All 
of these were covered with heavy rust. Two sherardized 
fences were erected. One, with a light zinc coating, was 
in fair condition with corroded strands in several places 
The second section of sherardized fence wire, heavil) 
coated, was in perfect condition though almost black ir 
color. By sharply bending the wire, the coating be 
neath the black coloration was shown to be intact. 

Tests by various investigators have shown that when 
the sherardizing is carried out properly the resulting 
coating gives excellent service under atmospheric con- 
ditions. Whether it is preferable to electro or hot gal- 
vanizing depends upon the service to which it is to be 
put and the material to be coated. 

While it is generally true that the protection afforded 
an article is measured by the thickness of the zinc coat- 
ing this must be modified for certain conditions. It is 
known that a heavy sherardized coating is brittle and 
will flake when bent or hammered and for this reason a 
heavy coat cannot be applied under all conditions. 

Sherardizing properly carried out by means of gran- 
ular FeZn,, free from fine dust, gives the same corro- 
sion results as the coatings obtained with zinc dust. As 
the articles are freer from dust, the formation of the 
yellow oxide is less pronounced. 


Commercial Sherardizing Practice 


For a detailed description of the methods used in 
sherardizing plants the reader is referred to the articles 
mentioned in footnotes 8, 15, 17, 22, 23, 24. 

Following is a discussion of several important details 
in commercial sherardizing practice based upon data 
obtained by the writer while actively engaged in sher- 
ardizing practice. 


Removal of Zinc Dust from Coated Articles 


The problem of removing zinc dust from sherardized 
articles is one of the most difficult to solve as it adheres 
tenaciously to most surfaces. This is especially true if 
the surface is slightly roughened as by over-pickling. 
Smooth surfaces, such as are obtained on cold-rolled 
steel, do not allow the zinc to cling and such material is 
easily cleaned. 

Not only is adhering dust objectionable in the further 
handling of the work but it also results in a more rapid 
deterioration of the coating by corrosive agents, as has 
been previously pointed out. If the articles have to be 
tumbled in sawdust or other similar material to remove 

*Leighon, R. B.., and Calderwood, H. A. Report of Tests on 
ten Lio ae Conduits. Carnegie Institute 
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the adhering zinc dust, this will usually discolor the 
coating. Dipping in paraffin is objectionable because of 
its greasy nature. Dipping in varnish is not applicable 
to many articles. 

The problem of dust removal may be overcome to a 
large degree by using a high percentage of “sherardiz- 
ing zinc” in the dust. It may be almost completely over- 
come by using granular FeZn,, from which the fine dust 
is removed by an air separator. By using this material 
not only can a brilliant crystalline coating be obtained 
but also one that is practically free from dust. 


Sherardizing of Retorts 


When the process was first used, the claim was made 
that the interior of the retorts were not sherardized. 
This has not been found to be correct, the writer finding 
that retorts in daily use were lined with a zinc-iron al- 
loy 1/32 to 1/16 in. in thickness. After this was once 
formed it became hard and adhered tenaciously, and the 
retorts apparently did not suffer further deterioration 
from this cause. 


Zinc Dust Control 


While temperature control of the process is essential 
for the best results, the percentages of metallic zinc in 
the zinc-dust must be kept under control. The dust 
should be analyzed for metallic zine at least once a week 
and preferably daily. The new “blue-dust” should also 
be analyzed for its metallic content. The iron content of 
both the new and old dust should also be determined. 

For the analysis of new “blue dust” the writer pre- 
fers Drewsen’s Method”. This method depends upon 
the reduction of an acidified potassium dichromate solu- 
tion by the finely divided zinc in the presence of sul- 
phuric acid. Other methods” are the hydrogen evolu- 
tion method carried out in a nitrometer with decompos- 
ing flask, reduction of potassium iodate to iodide in the 
presence of caustic potash, and the reduction of ferric 
sulphate. 

For the routine analysis of used zinc dust for metallic 
content the hydrogen evolution method is the simplest 
and easiest, and gives results that are accurate enough 
for factory control. The amount of hydrogen evolved by 
dilute sulphuric or hydrochloric acid from a weighed 
sample is compared under prevailing temperature and 
pressure conditions with C. P. granulated zinc. The per- 
centage of metallic zinc in the dust is proportional to 
the hydrogen evolved from the C. P. zinc. 

While the hydrogen is easily evolved from used zinc 
dust, new dust is dissolved with difficulty due to its 
physical nature. A simple hydrogen evolution appara- 
tus cannot be used with new zinc dust but can be used 
for old dust. 


Testing of Sherardizing 


While the testing of the sherardized product is re- 
quired under specifications, it also serves as a check on 
the zinc dust and temperature used. Test pieces should 
be put into every retort and tested by some standard 
method to determine the amount of coating deposited. 
Although the copper sulphate or Preece method is ex- 
tensively used for testing purposes, many objections 
have been raised to its use and other methods have been 
proposed. 

It is well known that the copper sulphate method gives 
varying results with different kinds of galvanizing and 
that such tests are not comparable. The pure zinc coat- 
ing obtained with cold galvanizing will be attacked al- 
most twice as fast as the sherardized coating. Hot-gal- 
vanized coatings will dissolve at another rate. The bul- 
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letin of the General Electric Company” shows that there 
1s even a discrepancy wher sherardized coatings of vary- 
ing weights are tested. 

But the Preece test has a certain value. For routine 
factory testing the writer knows of no better method 
for determining the weight of the zinc deposit. Here 
the results are comparable, especially, where the coating 
does not vary by more than two or three copper sulphate 
dips. The writer used this method for more than two 
years to test the output of a 40-ton sherardizing fur- 
nace and trouble was seldom experienced. No difficulty 
was encountered in determining the end point as the 
copper always plated out brightly when the iron was 
exposed and was dark and loosely adherent while the 
sherardizing was intanct. 

The results obtained by the Preece test were checked 
from time to time by the basic lead acetate method.” 
The latter method was used to accurately determine the 
weight of deposit per unit of area and also to remove 
the coating for analysis. 

For a rapid analysis of the coating and if its weight 
per unit area was desired within a reasonable degree 
of accuracy (within 0.2 per cent) the writer devised the 
sulphuric acid method. This method was found to be of 
special value where a large number of deposits were to 
be investigated. The writer found that 2 per cent sul- 
phurie acid would dissolve the coating readily without 
dissolving an appreciable amount of the iron base, the 
results being repeatedly checked by the basic lead 
acetate method. The loss of coating of the sherardized 
article was determined by weighing before and after re- 
moving the coating with 2 per cent sulphuric acid. 

The specimen was removed from the acid when hydro- 
gen practically had ceased coming off. The iron was im- 
mediately determined by titrating the solution with 
potassium dichromate. In this manner the weight of 
the coating and its percentage of iron were easily and 
rapidly obtained. This method would not be applicable 
where the iron base dissolved rapidly in cold 2 per cent 
sulphuric acid but with ordinary steels and irons the 
writer found that the iron dissolved was negligible if 
the specimen was removed when the zinc had dissolved. 

The Preece test, basic lead acetate, sulphuric acid, and 
similar tests will give results which will show the thick- 
ness of deposit. While these tests do show the amount 
of coating they will not show the amount of protection 
to the iron base that the coating will give as determined 
by factors other than the thickness of the deposit. 

Final judgment can only be given when the coatings 
are exposed to the atmosphere for a sufficient length of 
time to secure a breakdown. Even then the results ob- 
tained are for a certain set of conditions for it is ob- 
vious that different results will be obtained at the sea- 
shore, or in the coke regions of Pennsylvania than in 
dry climates where only a slightly corrosive atmosphere 
is found. 

To secure results applicable to maximum corrodi: 
conditions, the General Electric Company” has develo; 
the salt spray test. This test gives corrosion results 
a week or two that would usually require several or m: 
years of atmospheric exposure. This test is of mu 

value but should be checked up from time to time by 
mospheric tests. 
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Conclusions 


1. The exact composition of the zinc-iron all ‘s 
formed in sherardizing cannot be known until the so u- 
bility relations of the two metals have been determin: 4. 

2. The coating consists of definite layers of iron-z \¢ 
compounds. 


“Walker, W. H. Method of Testing Galvanized Iron to Rep! ce 
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JUNE 15, 1916 


3. The iron content of the sherardized coating is a 
function of the temperature. 

4. Sherardizing is principally a contact action made 
possible by the formation of inter-metallic compounds. 

5. Sherardizing, when carried out properly, gives a 
coating that is highly resistant to corrosion. 

6. A zine dust having a high metallic content will give 
the best coating. 

7. Sherardizing should be carried out at the lowest 
temperature economically possible to secure a low iron 
content in the coating. 

8. A high iron content in a sherardized coating is 
detrimental to its weathering properties. 

9. The copper sulphate test gives excellent results for 
daily furnace control tests. 

Cc. F. Burgess Laboratories, Madison, Wis 


Coke as a Reducing Agent in the Electric 
Smelting Furnace 
BY R. C. GOSROW 

The use of coke as the reducing agent in the electric 
smelting furnace, has been the subject of considerable 
argument, and some articles of literature, on the part 
of electrometallurgists. The experiences of several op- 
erators on this class of operations have been written 
up in the technical journals of the metallurgical art. 
Among the foremost to investigate and publish the ac- 
tion of coke in the electric smelting furnace in the 
manufacture of pig iron, were the Swedish and Nor- 
wegian metallurgists. From their experiences and 
data, more has been written, in the form of discus- 
sions, by American metallurgists. These data have been 
taken from one source and another without any veri- 
fication of the statements transcribed. As a result of 
this practice the data existing have been recopied many 
times, so that I will not take space to recopy any of 
them, but wish to draw a few points from them, to 
bring out features of my discussion. 

The question may be asked, “Is coke a satisfactory 
reducing agent, for use in the electric smelting fur- 
nace?” This question may be answered both in the 
positive and in the negative. 

To answer in the positive, it may be stated that 
coke is satisfactory as a reducing agent. It contains a 
sufficient percentage of fixed carbon; is of sufficient 
crushing strength to withstand the ore column of the 
charge; reduces the metallic oxides to their metals; its 
fixed carbon is dissolved by the metal, where necessary, 
as in the manufacture of pig iron. 

To answer in the negative, it may be stated that the 
carbon in coke is too dense; is somewhat refractory in 
the electric furnace oxidation, by the chemically com- 
bined oxygen in the ore; makes undesirable electrical 
conditions; causes too high electrode losses in the fur- 
nace; has the tendency to form high fusing carbides 
with the lime, when running on high lime slags; sows 
the furnace; crusts the furnace between electrodes. 

These latter features are some of the factors mili- 
tating against the use of coke as reducer in the electrie 
smelting furnace. To cite more fully the conditions of 
the electric smelting process, in which I used coke as 
the reducer, I desire to state that the furnace was run- 
iing on manganese ores with a high silica content; the 
‘oke carried 14 per cent ash; high sulphur content in 
the coke; the iron ores were pure magnetites and low 
n silica, but necessitated a limy slag to eliminate the 
high sulphur of the coke; the furnace was a three- 
phase furnace, with four electrodes in a straight line; 
he furnace was run with high charging stacks for 
‘eeding the charge; the furnace was run without the 
harging stacks; the furnace was run with deep crucible 


METALLURGICAL AND CHEMICAL ENGINEERING 


691 


and high bosh; the furnace was run with shallow cru- 
cible and high bosh. This gives the general conditions 
attending the operations of the furnace using coke as 
the reducing agent. 

My views and conclusions on this subject have origi- 
nated from personal experiences with various ores and 
reducing agents in the electric smelting of iron ores 
and manganese ores, producing pig iron, and 80 per 
cent ferromanganese. 

Primarily, with some diversion, it might be well to 
investigate the physical and chemical properties of 
coke, to endeavor to fix the property or properties 
which contribute to the points mentioned. 

Specific Gravity: Coke per unit of volume is two- 
and-one-half times heavier than charcoal. It will 
weigh from 25 to 30 lb. per cubic foot, depending on 
the grade and the manufacture. This point is im- 
portant in the electric smelting process. 

Porosity: Coke is very porous, having a large part 
of its total volume made up of cell space. This prop- 
erty is very beneficial in the blast smelting of ores with 
coke. This is not so pronounced in its use in the elec- 
tric furnace. 

Crushing strength: Nearly all grades of coke are 
possessed of a crushing strength sufficient to support 
the ore column of the electric furnace, where short ore 
columns are used generally. 

Volatile matter: This is usuaily low in cokes, not 
exceeding two or three per cent. 

Hardness: Most metallurgical cokes are hard 
enough to resist abrasion in handling. This is of im- 
portance, so that the coke does not become comminuted 
in handling, before reaching the furnace. 

Physical state of carbon: The fixed carbon in the 
coke is in the form of a dense, hard structure in the 
mass forming the walls to the cell structure. This 
form of the carbon is quite refractory to the process 
of oxidation taking place in the electric furnace. The 
carbon is oxidized, but not as rapidly as the carbon 
in charcoal, for instance. This physical form of the 
carbon appears to be the controlling factor for the 
action of coke, when used in the electric furnace. 

EFFECT OF SPECIFIC GRAVITY OF COKE 

From the foregoing properties of coke it is made 
apparent that two properties at least affect the use of 
coke as a reducing agent in the electric furnace. One 
is its specific gravity, and the other is the physical 
form in which its carbon is present. As regards its 
specific gravity, the coke which I used was not finer 
than 1 in. in size, from this to 1'2 in. A cubic foot 
of this coke weighed 30 pounds (3 per cent moisture). 
The term specific gravity refers to the apparent specific 
gravity. The ratio of the coke to the ore in the charge 
was about 1 to 3 by weight. The ore in a single 
charge weighed 500 pounds and would run about 180 
pounds per cubic foot. We have then approximately 
2'. cu. ft. of the ore, and 5 cu. ft. of the coke. With 
this, in smelting iron ore for pig iron, there is a small 
weight of lime rock; and in smelting manganese ores 
for ferromanganese there is approximately 2 cu. ft. 
of lime rock on the charge. This latter makes the 
ratio of about 4'2 to 5 of ore, etc., to coke, or the pro- 
portion of 1 to 1 nearly. 

From this it is seen that the charge contains as 
much volume of material with a high resistance as 
it does of a material of a low resistance. In other 
words, the material with the high resistance takes a 
high voltage with a low current, and the material with 
the low resistance takes low voltage with high current. 
But it must be remembered that these materials are 
all mixed up in the charge, and do not occupy portions 
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of the furnace volume separately. So the result is a 
charge having a high resistance, making a high volt- 
age necessary to overcome the resistance, with an un- 
economical use of the electrical equipment. 

This does not appear to be in harmony with the 
statements of Oedquist, brought out by J. Harden, in 
METALLURGICAL AND CHEMICAL ENGINEERING, Febru- 
ary, 1914, pp. 82 et. seq. It is stated here that the 
conductivity of the coke is high, giving large current 
density and at lower voltage. This would be true pro- 
viding the volume of coke in the charge would be suffi- 
cient to affect in this way the electrical conditions. 

Now with charcoal the results are different. Char- 
coal weighs about 12'» pounds per cubic foot. For the 
same weight as before we would have about 13!»5 cu. 
ft. of charcoal. But charcoal is not as good a conductor 
as the coke is. In this case we have a ratio of ore, etc., 
to charcoal of 4's to 13's, or about 1 to 3. Under 
these conditions, when the charcoal is heated the 
charge contains enough carbon to make it a conductor 
of the current down into the furnace, where the re- 
sistance heating is brought into effect. In the upper 
zones of the furnace all the material is acting as a 
resistance to the current. But by the downward move- 
ment of the charge this material is soon heated in its 
down into the smelting zone, and in being 
heated acts as a conductor for the current to the slag 
and the molten resistor below. In this way the tem- 
perature of the crucible is maintained at the melting 
temperature for the metal and slag produced. 

The action of coke as a conductor, hot and cold, can 
be seen in starting up a furnace. The furnace was 
filled about 18 in. deep with coke, and the electrodes 
put into this about 10 in. The main furnace switch 
was closed, and the voltage run up to 80 volts, which 
was the maximum voltage used on the variable-voltage 
transformers. 

For the first three hours the load on the furnace 
would not be over 50 kw. for the first hour, up to about 
200 kw. at the end of the third hour. After the fourth 
hour the load would increase to about 600 to 800 
kw. and would be maintained there for the next three 
or four hours. As the coke mass became incandescent 
it would be possible to carry 1800 to 2000 kw. in the 
furnace. As the load increased the voltage decreased, 
until it was possible to carry 1200 kw. at 45 volts. At 
times the load would increase so fast that the minimum 
voltage (40 volts) was too high to maintain the load 
at 1200 kw., so the main switch was pulled to allow 
the coke to “cool off” for two or three hours. When 
the switch was closed again the load would come up 
to 1000 to 1200 kw. at about 50 volts. This is merely 
to show the electrical effect in using a high percent- 
age of coke, in this case 100 per cent. 

The same effect can be produced in using charcoal, 
but the action is slower; the charcoal oxidizes more 
rapidly and is soon consumed. However, when the 
charcoal is incandescent it forms a good conductor for 
the current. Eventually as the charcoal becomes in- 
candescent, it presents the same phenomena as with 
coke, low voltage, high current. 

In the electric smelting furnace almost any reducing 
agent will present difficulties. Various factors, rela- 
tive to the electrical control of the furnace, are at- 
tributed to the conductivity or resistance of the re- 
ducing agents. Considering that the cheapest and 
most plentiful reducing agent is some form of carbon- 
iferous material, and that carbon in various forms is 
a good electrical conductor when hot and less so when 
cold, we would have certain electrical troubles with 
any of the available forms of carbon for a reducing 
agent. 


passage 
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In the upper part of a furnace, where the charge is 
not heated even to incipient fusion, any carbon ma- 
terial would not be as good a conductor as it would 
be when reaching a higher temperature in the lower 
highly heated parts of the furnace. Under these con- 
ditions coke and charcoal would act practically the same 
as they are admixed in the charge, although the coke 
has a lower resistance than the charcoal. It might be 
the view of a polemic, but in so far as the electrical 
conditions are considered in the electric smelting fur- 
nace, one reducing material acts with almost the same 
results as another. 

Most of the investigators and writers on this sub- 
ject have considered the properties of coke, electrically, 
in the electric smelting furnace, as being the same as 
though no other material were admixed with it, and 
the coke were free to act as a conductor, unhindered 
by the presence of a highly insulating material, as 
ore and limerock, mixed throughout the coke lumps. 

My previous illustration of starting a furnace on a 
bed of coke and heating the coke with the electric cur- 
rent, should be contrasted with the other starting 
method of mixing complete charges and charging into 
the crucible of the furnace, putting the electrodes into 
it, and “juicing in.” By using the latter method, a 
higher voltage is necessary, with a considerably longer 
time to heat the charge. It shows the effect of the raw 
ore, etc., on the conductivity of the charge, and the 
masking of the conductivity of the coke. Here the 
size of the coke lump would be important. The larger 
the lumps the lower the resistance of the charge, and 
vice versa. 

Furthermore, with the use of the coke, the method 
of feeding the furnace does not materially change the 
conditions. The coke may be fed first, and the ore 
charge following; it may be fed around the electrodes 
and the charge fed clear of the electrodes; it may be 
fed mixed with the charge and all fed at one time in 
the proper proportions for the smelting process. The 
ultimate electrical conditions prevail, and the metal 
output, and power conditions do not show any marked 
results that can be attributed to the change in feeding 
the materials. 

Crawford, in his work at Heroult, says in Bulletin 
No. 90 of the American Institute of Mining Engineers 
that he used crushed coke, because with the coarse coke, 
the furnace made melted oxides instead of pig iron, and 
by crushing the same coke to 1 in. size, the furnace made 
normal foundry iron. The decrease in the size of the 
coke lump would undoubtedly make the charge some- 
what denser, thus increasing its resistance. This 
might have made a hotter furnace, thus bringing about 
the more complete reduction he mentions, by making 
normal foundry iron. The coarse coke refers to sizes 
larger than 2!. in., and the fine coke refers to 1 in. to 
l'» in. size. 

The summary of the discussion by Harden of Oed- 
quist’s paper, referred to previously, brings out the 
fact that the coke has a low resistance, and does not 
offer enough resistance to the charge to heat the smelt- 
ing zone to a sufficient temperature. It is not this lack 
of resistance, but in my opinion too much resistance in 
the charge that causes the insufficient heating. This, 
of course, applies to the voltages operating on, and volt- 
ages that are practicable and applicable to the electric 
smelting furnace. 

EFFECT OF STRUCTURE 

The question of the use of coke has another phase, 
which is a chemical one. As stated previously in this 
article, the carbon is in a dense hard form. In this 
form it is quite resistant to oxidation, unless the oxy- 
gen is forced into the cell structure and can act on the 
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large area of structure exposed. In the open air, coke 
burns with considerable difficulty. 

Consider then in the electric furnace, the coke in 
contact with the metallic oxides, with lime, silica, 
alumina, magnesia, and with other of the less abundant 
oxides, and silicates in the ore and fluxes. As the coke 
is carried down in the furnace, by the downward move- 
ment of the ore column, it comes into the zone of tem- 
perature at which its carbon will react with the oxygen 
of the ore and form carbon monoxide, and the metal 
will be reduced. Also at the temperature of the arc, 
some carbon comes in contact with lime, alumina, mag- 
nesia, and reduces these oxides also. In this reaction 
the infusible carbides are formed. According to the 
laws of thermochemistry that reaction which takes 
place at the highest temperature will be the ultimate 
reaction. In the zone of the electric arc, in the buried 
arc-resistance furnace, we have the highest tempera- 
ture attainable. At this temperature the ultimate re- 
actions take place, resulting in the formation of those 
compounds which have the highest melting points. 

To avoid further argument I have used the term 
“buried arc-resistance furnace” in the above para- 
graph. The large smelting furnace in my opinion is a 
combination of the buried are with resistance heating. 
The are forms from the electrode to the materials in 
contact with the electrode. By so heating the materials 
around the electrode, the incandescent mass eventually 
acts as a conductor from one electrode to another, and 
the mass of materials is then heated by resistance; the 
hot materials in the fused and semi-fused states being 
the path of the current to the other pole of the circuit. 

The occurrence of the formation of carbides, I con- 
sider to be the principal objection to the use of coke 
in the electric smelting furnace. The formation of 
carbides in the furnace puts an increased duty on the 
furnace. The presence of such material having a high 
melting point soon makes the furnace run irregularly 
by the increased melting temperature of the material 
it must melt, other than that for which it was de- 
signed. 

The “sowing” in the furnace is soon evidenced by 
the elevated bottom; temporary loss of control of the 
product; increased power consumption; high electrode 
consumption; slowing up of the rate of smelting. The 
accretions formed in the furnace are due to the forma- 
tion of the carbides. As the carbide accumulation 
grows gradually, the furnace is checked in its opera- 
tions, as a consequence of the heat absorption by their 
formation. The walls of the furnace become crusted 
in their lower portions. The crusting along the side 
walls soon forms a scaffold for the charge to hang up 
on, and ultimately a bridge is formed across the fur- 
nace, and holds up the entire charge above it. The ma- 
terial beneath the bridge will melt out, leaving the 
superimposed charge hanging, until eventually it will 
slip down. As the charge comes down, the imme- 
diate result is a broken electrode or two. 


TWO DIFFERENT FURNACE DESIGNS 


Now with two different types of furnace, the effect 
of this bridging and sowing varies with the type of 
furnace. In the shaft and stack type of furnace, the 
hanging up seems to be more marked than in the low, 
stackless furnace. 

In the electric smelting of iron ores for the produc- 
tion of pig iron in the shaft and stack furnace, the 
hanging up in the stacks appeared to be the greatest 
difficulty in the operations. In this smelting the fur- 
nace was run on a high lime content in the burden to 
eliminate a high content of sulphur in the coke. The 
furnace was a covered furnace having the electrodes 
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between the stacks, making five stacks and four elec- 
trodes. The mixed charge was dumped into the stack 
and the stack closed at the top, leaving only enough 
opening for the gases to burn freely. 

With this furnace no definite knowledge was ascer- 
tained of the conditions in the furnace, other than the 
indirect pointers obtained from broken electrodes, and 
hot arches, and hanging up in stacks. It was evidenced 
though, that something was wrong, by the slowing up 
of the rate of smelting, and the slow rate at which the 
furnace took the charges. By “barring down” through 
the stacks with 16 lb. rails sometimes the bridge was 
broken and would fall. Other times this was no relief, 
and a stack was often left dead for several days, until 
it might open up when the furnace would work around 
in shape. 

These bridges formed at the base of the stack, and 
just around the electrodes. The electrode would enter 
through one of these crusts through a hole about 12 in. 
larger than the diameter of the electrode. 

Of course, this fact was not found out until after 
the design of the furnace had been changed, and such 
things could be observed and studied. With the for- 
mation of the crusts and bridges in the furnace the 
sow in the bottom of the furnace was forming also. This 
sow was not always a carbide sow, but contained con- 
siderable pig metal, which froze up as a result of being 
too good a conductor, when carrying current. But the 
cause of these conditions was primarily due to the fall- 
ing off of the furnace load, as a result of the accretions 
and sow in the furnace. 

In the other type of furnace, in which no stacks were 
used, and the furnace was run with an open top on man- 
ganese ores, the conditions mentioned above did not 
hold the same. In the absence of the high stacks, the 
charge had no place to hang up where it could not be 
got at to remedy by mechanical or hand power. The 
furnace was charged all over the top, and the charge 
was constantly stoked, to keep it from forming wall 
accretions, and the troublesome crusts. Whenever a 
sow was forming in the furnace bottom it could be 
known soon enough and remedied by adding oxidizing 
charges or by running the charge down and cutting out 
the sow with ore charges, or with fluorine slags. In 
this case the charge carried a high content of lime to 
make a limy slag, while running on high silica man- 
ganese ores. 

It can be seen that with the two types of furnaces 
mentioned different results are obtained in their opera- 
tions on coke. The furnace that can control the erratic 
and irregular conditions while using the coke reducing 
agent would appear to be the furnace to adopt for the 
smelting with coke, and with a slag that is to run at 
least 40 per cent to 45 per cent lime, making the burden 
on the furnace strongly basic. 

It might be of interest to give briefly the operations 
attending the use of coke in the furnace of the stack 
type. 

The coke analyzed as follows: 


Per Per 

Proximate analysis Cent Ash analysis Cent 

Moisture stow ne Ae Silica ... 63.50 

,. cm 3.50 Alumina 15.70 

F. carbon wer f Lime . 2.50 

Ash - ; UU Magnesia 0.90 

Sulphur ; 1.11 Sod. oxide } 5 40 
Phosphorus ‘wae diede 0.35 Pot. oxide { ° 

Ferric oxide , 12.30 


The coke was crushed to pass a 1}4-in. ring. Before 
going to the furnace the coke was screened over !»-in. 
openings in a revolving trommel. In using this coke 
a basic slag was carried, running about 42 per cent to 
45 per cent lime. These operations were carried out on 
the smelting of a pure magnetite ore, producing pig 
iron. 
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During the period of these operations (about 90 days) 
the furnace gave incessant trouble with crusts, hang 
ups, broken electrodes, slipping of the charge, burned 
out arch roofs, cold bottom, no taps at the regular time 
of taps, lower silicon iron than desired, and for which 
the charge was calculated, and loss of lime in the fur- 
nace “somewhere.” It must be understood that these 
troubles did not all accumulate every day, but during 
the run they were enough in evidence to show that the 
furnace was not the commercial article yet for running 
with coke, and that the black horse factor causing all 
or part of the trouble had not been brought to light. 

But considering that satisfactory operations in this 
furnace had been conducted with charcoal as the re- 
ducer, it led me to study the coke operations and to lay 
the trouble to the use of coke. It would be invaluable 
here to give power data, and other data on these opera- 
tions in more detail, but at the present writing I am not 
possessed of such data. The grade of iron made varied 
from 0.70 per cent to 3.00 per cent silicon; from 2.70 
per cent to 3.50 per cent total carbon. The iron was 
rather high in sulphur, running from 0.023 per cent to 
0.326 per cent, of course depending on the working of 
the furnace. 

To sum up the operations, I did not consider them in 
any way successful operations in the type of furnace 
used, with the use of coke as the reducing agent, with 
basic limy slag. 

Crawford, in the same article referred to previously, 
says that any grade of coke can be used by crushing 
it. He also says that “black butts,” screenings, can be 
used. I do not consider any material but the cleanest 
to be most desirable for the electric furnace, and the 
process will never be established or proven successful 
with the use of poor materials. We used some screen- 
ings at that time, and they were the poorest material 
that could be found, high in ash, low in carbon, high 
in sulphur and phosphorus. It might be stated here 
that with the best coke obtainable and with the excep- 
tionally pure magnetite ores obtainable and smelted at 
that time, the coke smelting might have been nearer to 
a commercial success. I say this from a full knowledge 
of the conditions referred to above, as I was actively 
connected with the operations. 

To go further. Assume that the furnace is running 
normally, and an excess of carbon accumulates in the 
furnace. As can be readily expected, a mass of carbides 
will form from the excess carbon and a carbon freeze 
up takes place. But in the discussion on the use of coke, 
it is considered that the carbon being supplied by the 
coke is in the proper proportions to make the proper 
reactions take place, providing no contrary reactions 
hinder the former. 

In the formation of carbides, another feature presents 
itself. The slag control is very difficult, due to the use 
of the lime in combining with the carbon to form cal- 
cium carbide. This molten carbide acts very corrosively 
on the electrodes (graphite) and increases the consump- 
tion to a prohibitive figure. 

In the absence of high percentages of sulphur in the 
coke, high silica in the ores smelted, and the use of a 
slag with a low lime content, allowing the slag to run 
higher in silica, so as to have the slag nearly neutral 
or acid, it should be possible to run with coke and not 
have the attendant difficulties mentioned when running 
on a high lime burden. 

This discugsion is not written for the purpose of con- 
demning the use of coke in the electric furnace. But 
under the conditions cited, coke does not appear to give 
a satisfactory, continuous, economical smelting op- 
eration. 

Eventually as the supplies of timber for making char- 
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coal will become depleted and exhausted, resort will be 
necessarily had to coke or some other form of carbonif- 
erous reducing agent. In order to develop this in- 
dustry, and to broaden the scope of the electric smelting 
furnace in the production of pig iron, principally basic 
and foundry, the experiences of operators in published 
accounts will aid in developing the process and estab- 
lishing the proper conditions for the electric smelting 
process using coke as reducer. 


Los Angeles, Cal 


X-Rays and Crystal Structure with Special 
Reference to Certain Metals 


On the occasion of the sixth annual May lecture of 
the (British) Institute of Metals, delivered on May 4, 
at a meeting of the Institute in London, Prof. W. H. 
Bragg, D.Sc., F.R.S. (Nobel Prizeman) gave an inter- 
esting account of the new method of applying the prop- 
erties of X-rays to the study of crystal structure, in- 
cluding the structure of certain metals. 

The method, it was shown by the professor, results in 
the determination of the exact relative positions of the 
atoms of which the crystal is composed. It is not suc- 
cessful in every case as yet because of the lack of prac- 
tice and experience of the experimenters in the new field 
and because some of the interpretations are not fully 
understood. There is no lack of indications: but we 
are not yet fully aware of the meaning of all of them. 

It is natural to attack first such crystals as have an 
obviously simple structure and consist of few elements 
associated in simple proportions. It is also of great ad- 
vantage if the crystals belong to a group of isomor- 
phous members, such as the rock salt series. This 
series, in fact, has everything to recommend it to the 
experimenter: its form is simple, that of the cube; its 
symmetry is high; it contains two elements only, in 
equal proportions, e.g., sodium or potassium associated 
with chlorine or iodine; and there are several members 
of the series so that we can watch the effect of chang- 
ing one element at a time. The constitution of this 
series was, therefore, one of the first to be examined 
and made plain. 

The constitution of the diamond, which has also been 
determined, presented a rather more difficult task, be- 
cause the arrangement of the atoms is not so simple as 
that of the rock salt series, although its form is cubic, 
its symmetry is high and it contains atoms of one kind 
only. 

Of the metals which will naturally be of especial in- 
terest to the Institute of Metals, silver and copper, and 
by inference gold, have been shown to possess a very 
simple structure, in which the atoms are arranged as 
in the piling of shot. Bismuth and antimony have a 
distorted arrangement; but these two, as well as zinc, 
have not been completely determined. A beginning had 
been made with iron. The war has, however, stopped 
all work of the kind on this metal. 

This new field of research, according to Professor 
Bragg, depends on a principle already known. When a 
regular train of waves falls upon a surface separating 
two media, part is reflected and part goes on. If the 
part that goes on meets another separating surface, a 
second portion is reflected and some of this emerges 
from the second medium in the same direction as the 
beam reflected from the first surface. It will happen in 
general that the two reflected beams are out of phase 
and to that extent destroy one another. Whether they 
do or not depends upon the relation between the wave 
length, the angle of the inclination of the beam to the 
reflecting surfaces, and the distance between the sur- 
faces. In this way are explained the colors of the soap 
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film, of the thin layer of oil on the surface of a liquid, 
of the colors of steel when being tempered and so on. 

If the reflecting surfaces are many in number, not 
two, the effect is made more intense and at the same 
time more precise. It occurs in the beautiful colors of 
potash crystals as shown by Lord Rayleigh. These 
crystals are formed of alternating layers, twinned across 
their surfaces of separation; and for some obscure rea- 
son the thickness of all the layers is the same though it 
varies from crystal to crystal. When white light con- 
taining all wave lengths is incident upon such a crys- 
tal, at a certain angle, then only that wave length is re- 
flected for which the proper relation between the wave 
length, angle, and spacing holds good. If the angle is 
altered the wave length which is reflected is no longer 
the same. Hence the beautiful play of crystal colors. 

It is an essential cause of success that the wave length 
and the spacing are not very different in amount. 

We now pass on to the case of the X-rays. These con- 
sist of waves—so indeed these very experiments tell us 

which are something like 10,000 times shorter than 
the wave length of light. To obtain the parallel effect 
we must look for reflecting surfaces which are 10,000 
times closer together than the twinning surfaces of the 
chlorate of potash crystals, and these are separated 
from one another by only the 40/1000 of an inch or 
thereabout. These also Nature has provided in the lay- 
ers of atoms in the crystal. 

It may seem curious that a layer of atoms should act 
as a reflecting surface; but after all it is not necessary 
that such a surface should be continuous. A row of iron 
railings, for example, can act as a reflector of sound 
waves. A natural face of a crystal contains no doubt a 
layer of atoms arranged regularly; and behind the nat- 
ural face are other layers all similar, and placed at reg- 
ularly increasing distances behind it. Thus all the con- 
ditions for this peculiar reflection experiment are pres- 
ent, and we actually find that when a pencil of X-rays 
of a definite wave length are allowed to fall upon the 
face of the crystal, and the crystal is gradually turned 
round so as to alter the angle of incidence, the reflec- 
tion of the beam as a whole is non-existent except when 
the angle is right. Then it flashes out strongly. When 
this angle is observed, the relation of the wave length 
to the spacing is known. 

The instrument used is called the X-ray spectro- 
meter. It has no lenses because X-rays cannot be re- 
fracted; and the rays are invisible so that in place of 
the telescope appears a chamber containing gas which 
is ionized by the X-rays. The resulting electrical ef- 
fect is observed in an electroscope. it is important 
that the measurement of the result is quantitative so 
that in this respect the new spectrometer has an advan- 
tage over the old. 

In this way if we use always the same X-ray we 
can compare the spacings between the layers parallel 
to one after another of the natural faces parallel to the 
crystal; and in this way we arrive finally at the crystal 
structure. The instrument is not at all difficult to use, 
and the observed effects are large and precise so that 
it is quite easy to get numerical results. The interpre- 
tation is not always quite so easy. One part of it comes 
readily, viz: the number of molecules to each unit of 
the pattern of the crystal—the unit being the smaller 
part which being reflected again and again without al- 
teration or orientation or distance from its neighbors 
forms the complete crystal. For instance, the unit of 
pattern of potassium sulphate contains four molecules: 
the unit of pattern of antimony contains two atoms. 

The far greater difficulty lies in the determination 
of the way in which the atoms are arranged in the unit. 
These data are sufficient, but the interpretation is hard. 
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The Distribution of Silver Between Metallic 
Lead and Litharge-Containing Slags 


BY BOYD DUDLEY, JR. 
(Concluded from page 641) 


The Effect of Litharge 

The positions of the curves in Fig. 3 indicate that 
for a given temperature there is a close and con- 
sistent relationship between the percentage of lith- 
arge in the slag and the ratio of equilibrium concen- 
trations. As the percentage of litharge increases the 
concentration ratio decreases, indicating that the 
power of the slag to retain silver in the presence of 
metallic lead increases with increasing litharge con- 
tent. This is in agreement with the prevailing idea 
that high litharge slags retain more silver than do 
low litharge slags. To so state the proposition is 
qualitatively correct, but the data at hand provide 
further information and show that the dissolving 
power of the slag for silver is almost, if not entirely, 
due to its litharge content. 

In connection with the foregoing it seems advisable 
to particularly emphasize the fact that all data 
herein presented are in terms of unit quantities of 
slag and metal. The logical way in which to view the 
question of slag losses is with reference to the amount 
of slag as compared with the amount of lead. If two 
assays are made on equal quantities of an ore with 
slags of the same composition and with the same 
amounts of lead reduced in each, but with twice as 
much slag in one as in the other, it seems obvious 
that, under given temperature conditions, the total 
silver retained by the first slag will be approximately 
twice that retained by the second. However, in spite 
of the self-evident nature of this proposition the 
effect of quantity of slag upon slag losses in assaying 
has been quite generally disregarded by writers on 
this subject. When it is thoroughly understood that 
a true chemical equilibrium is involved, it becomes 
clear that the total quantity of silver retained by the 
slag will be proportional to the quantity of slag pro- 
duced, other conditions being constant. 

To bring out most clearly the effect of various per- 
centages of litharge upon the ability of the slag to 
retain silver it is necessary to calculate the molecular 
percentages of litharge in the various slags, and to 
compare these with the reciprocals of the equilibrium 
concentration ratios. The importance of the litharge 
content is evident from Fig. 3, but its effect upon 
the retention of silver by the slag is not proportional 
to the percentage of litharge by weight. A brief con- 
sideration of this point will show that such a rela- 
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tionship is not necessarily to be expected, because 
whatever effect the litharge may exert in the way of 
dissolving silver will probably be produced by mole- 
cules of litharge and not by grams of this material. 
Consequently, the concentration of the molecules of 
litharge in the slag with reference to the other mo- 
lecular species that may be present, rather than the 
weight percentage of the litharge, is to be considered. 

The concentration ratios given in the preceding 
tables and plotted in Fig. 3 are measures of the ability 
of the slags to retain silver, but their reciprocals pro- 
vide a more direct measure. The reciprocal of the 
concentration ratio represents the concentration of 
the silver in the slag when its concentration in the 
metal, with which the slag is in contact, is unity. 
The reciprocal provides, therefore, a direct measure 
of the dissolving power of the slag for silver in the 
presence of metallic lead. 

Table VII has been constructed to show the rela- 
tion of the molecular percentage of litharge to the 
dissolving power of the slag for silver. In it the 
reciprocals of the concentration ratios have been 
multiplied by 10,000 in order to avoid the use of very 
small fractions. The molecular percentages of the 
litharge were calculated from the analyses of the 
slags shown in Table II by the customary method. 


Taste VII 
RELATI 


RECIPROCALS OF CONCENTRATION RATIOS 10,000 IN 
N TO TEMPERATURE AND MOLBCULAR PERCENTAGE 
or LITHARGE 


Weight, Molex u- 


Per lar, Per 
. 10.000 


1173°C 


ition Ratios » 
1045 1143 


ocals of Concentr 
PbO 837 A92 
1.1 $s] 6.90 

7 1.92 6.16 

1.4 2.02 3.98 
20.4 o8 3.80 6.7 

9 ‘4 2.00 4.12 


960 


9.44 


6.10 9.53 16.00 17 90 


Fig. 4 shows the data of Table VII plotted to scale 
with molecular percentages of litharge as abscissas 
and reciprocals of concentration ratios multiplied by 
10,000 as ordinates. It is seen that, within the limits 
of experimental error, the ability of the slag to retain 
silver in the presence of metallic lead is found to be 
a direct function of the molecular concentration of 
the litharge present. It appears that with no litharge 
present in the slag, i.e., with a slag composed of silica, 
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boric oxide, and soda, the amount of silver retained 
would be comparatively little, though as to the exact 
amount under such conditions the data are incon- 
clusive. 

The most important point shown by Fig. 4 is that at 
constant temperature the ability of such slags to dis- 
solve and to retain silver is mainly dependent upon the 
molecular concentration of the litharge, and is inde- 
pendent of the so-called silicate degree or oxygen ratio 
of the slag. It will be noted that slags are represented 
that vary in oxygen ratio from 0.48 to 1.71, but that 
such variations fail to make themselves apparent. The 
obvious conclusion is that the molecule of litharge in 
igneous fusion with other molecules retains its specific 
properties to a sufficient extent to exert the same solu- 
tion effect upon silver, whether it is associated with 
few or many molecules of other kinds. In other words, 
such slags may perhaps be better regarded as simple 
solutions of various oxides dissolved in each other than 
as solutions of associated compounds that might be 
formed by the combination of these oxides. 

In considering the data presented in Table VII and 
in Fig. 4, it is necessary to bear in mind that the 
litharge concentrations specified are calculated from the 
original constituents added to the crucible charge. It 
has been previously noted that the slags resulting from 
these fusions contain less litharge than the calculations 
would indicate. This is largely on account of the dilu- 
tion of the slag caused by corrosion of the crucible and 
stirrer while the slag is in contact with them. In gen- 
eral, the departure of the litharge content of the slag 
obtained from the calculated figure increases with in- 
creasing temperature and with increasing litharge con- 
centration in the slag. Consequently, it can be said 
that the positions of straight lines drawn in Fig. 4 to 
show the effect of litharge concentration upon silver 
retained at various temperatures should be somewhat 
higher and have a greater slope than those shown. 
However, the lines that are shown are perhaps as useful 
in regard to practical conditions as would be those occu- 
pying the precisely correct positions, because the ones 
shown actually represent results secured when certain 
charges are compounded and fused in clay crucibles, 
thus allowing for the dilution of the slag that neces- 
sarily accompanies this most customary procedure. 


Losses of Silver in Cupellation 


On the other hand, if the true litharge content of the 
slag at the end of the experiment is known, the relation- 
ship shown by Fig. 4 will provide a fairly accurate 
means of estimating by extrapolation the ability of 
pure litharge to retain silver in the presence of metallic 
lead. Such information is of much interest in connec- 
tion with the subject of cupellation. Whether the proc- 
ess is being employed for determinative purposes, or 
for the purpose of separating silver from lead on a 
large scale, the litharge produced by the oxidation of 
the lead is formed as a fairly thin film over the surface 
of the molten alloy undergoing cupellation. Owing to 
the comparative thinness of the litharge film, to its 
fluidity, and to its movement over the surface of the 
molten alloy, the litharge has an excellent opportunity 
to dissolve that amount of silver which it is able to 
retain under the existing conditions of alloy composi- 
tion and temperature. In other words, the chances for 
establishing equilibrium between the litharge and the 
metal are good. This is probably particularly true of 
cupellation on a small scale for determinative purposes, 
the film of litharge under these conditions being ex- 
tremely thin. 

The litharge formed at any instant flows from the 
surface of the metal and carries with it the silver that 
it has dissolved, the concentration of silver in the 
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litharge being dependent upon its concentration in the 
metal and upon the temperature at the surface of the 
metal where the oxidation occurs. As the concentration 
of the silver in the metal increases its concentration in 
the litharge will increase, hence the loss of silver will 
be greater toward the finish of the cupellation. Of 
course, the loss of silver due to its solution in the 
litharge is not the only loss occurring during cupella- 
tion. Unquestionably some silver is removed from the 
cupel by volatilization, and probably some of the silver- 
lead alloy is absorbed as such by the cupel. But the 
loss due to the dissolving power of the litharge for sil- 
ver is in most cases fully as important as are all of the 
others taken together. Therefore, a study of the avail- 
able information in regard to the nature and magni- 
tude of this loss appears to be worth while. 


Dissolving Power of Pure Litharge 


The importance of determining the actual litharge 
content of the slag at the conclusion of each experiment 
was, unfortunately, not recognized at the time the work 
was done, and samples of the slags were not saved. It 
was not foreseen that the results of experiments with 
litharge-containing slags could be extended to yield in- 
formation concerning the properties of pure litharge. 
In order to determine the approximate compositions of 
the slags actually produced from the crucible charges, a 
number of fusions of slags 1, 2, 3 and 4 were made in 
duplicate at 892 deg. C. The charges were prepared, 
fused, held at constant temperature, and stirred for the 
same time and in the same way as was the case during 
the previous experiments. The slags were then analyzed 
for lead. By assuming the variation of the litharge 
content of the slag as actually produced from its calcu- 
lated composition to be caused by dilution of the slag 
with clay from the crucible and stirrer, the approxi- 
mate molecular composition of the slag secured can be 
calculated. The clay dissolved consisted of silica and 
alumina in almost equal parts, hence the average mo- 
lecular weight of the diluent is approximately 80. The 
increase in weight of the slag corresponding to the 
difference between the calculated litharge content of 
the slag and that actually observed is therefore pro- 
duced by dilution with substances having this average 
molecular weight. From the analyses of the slags as 
obtained, and from the compositions caiculated from 
the reagents employed, the molecular percentages of 
litharge in the slags produced can be calculated by the 
usual methods. 

Table VIII shows the results of analyses and the 
molecular percentages of litharge in the slags actually 
produced. Averages of two analyses are given for each 
slag. 


Taaie VIII MOLECULAR PERCENTAGES OF LITHARGE IN SLAGS PRO- 
DUCED aT 892 C. 


Calculated Obtained Dilution by Calculated Obtained 

Slag Wt., Per Wt., Per Clay, Wt., Mol., Per Mol., Per 

No Cent PbO Cent PbO Per Cent Cent PhO Cent PbO 
1 89.7 87.1 3.0 71.7 66.7 
2 85.0 82.7 2.8 61.7 58.4 
3 71.7 68.9 4.1 41.4 37.6 
4 48.3 47.9 1.0 20.4 20.2 





The greatest dilution was experienced by slag No. 3, 
which is both less basic and contains less litharge than 
slags No. 1 and No. 2. The reason for this is that the 
time during which No. 3 was in contact with the cruci- 
ble and stirrer was nearly two hours, while No. 1 and 
No. 2 were in the furnace only about one hour. 

The molecular percentages of litharge.in the slags as 
they were actually obtained have been plotted in Fig. 
4 against their corresponding reciprocals of concentra- 
tion ratios. The dotted straight line drawn through 
these points represents the true relationship between 
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the ability of the slag to dissolve and to retain silver in 
the presence of metallic lead and the molecular concer- 
tration of litharge in the slag. This line represents 
the conditions at 892 deg. C. By extending it to the 
line on the diagram representing 100 molecular per cent 
of litharge, the probable dissolving power of the pure 
material for silver at this temperature will be obtained. 
The point of intersection of the dotted line with the 
100 per cent litharge line is approximately 10, as meas- 
ured by the scale of the axis of ordinates. Since the 
ordinates in this figure are the reciprocals of concen- 
tration ratios multiplied by 10,000, the ratio of the 
equilibrium concentrations of silver in lead and in pure 
litharge at 892 deg. C. is found to be 


10,000 1000. 


That is, with lead and pure litharge in contact at 
892 deg. C., and with silver distributed between them, 
the concentration of silver in the metal will be 1000 
times as great as its concentration in the litharge, unit 
weights being considered in each case. 


Equilibrium with Rich Silver-Lead Alloys 

All of the concentration ratios that have been previ- 
ously presented are in terms of mg. of silver per g. of 
metal divided by mg. of silver per g. of slag. If weight 
percentages were employed the results would be the 
same. Such ratios will correctly represent equilibrium 
conditions so long as the concentration of silver in 
the metal remains below about 10 per cent by weight, 
Such high concentrations are, of course, not ordinarily 
encountered in the crucible fusion, so for purposes of 
indicating the magnitude of slag losses in this process 
the figures given are entirely sufficient. But in extend- 
ing the results to cover the case of pure litharge, and 
to indicate the loss of silver during cupellation, the 
question naturally arises as to what the equilibrium 
conditions are when litharge is in contact with silver- 
lead alloys of greater richness than 10 per cent silver 
by weight. 

In order to determine this point a series of experi- 
ments was performed, in which slag No. 3 was held in 
contact at 837 deg. C. with alloys containing 30, 50 and 
70 per cent of silver by weight. The method of proce- 
dure was the same as has been previously described. 
The results of these experiments are set forth in Table 
IX, in which the first line of figures relating to a 5-per 
cent silver alloy represents the average results previ- 
ously secured with slag No. 3, and detailed in Table IV. 


TaABLe IX RESULTS WITH SLAG No. 3 AND RICH SILVER-LEAD AL- 
LOYS AT 837° C 


a b c d 
Wt. Per Cent Silver Mol. Per Cent Silver Mg. Silver 
in Alloy After in Alloy After perg tatio 
Experiment Experiment slag c/d 
5.0 9.2 0.0126 730 
201 45.3 0.0592 7845 
29.9 45.0 0.0610 737 
0.8 66.4 0.0923 720 
01 65.8 0.0845 779 
70.1 81.8 0.109 750 
69.9 81.6 0.115 710 
Note The fusions were made in pairs. and in each case the 
equilibrium was approached from both sides The slag assays 


given under “c” are corrected values, checks having been used 
with the cupellations. 

When the weight percentages of silver in the alloy 
are considered in connection with the concentrations of 
silver in the slag, there is no apparent relationship. 
But when these weight percentages are calculated to 
molecular percentages, assuming that both metals are 
present in the alloy in the monatomic state, and divided 
by their corresponding concentrations of silver in the 
slag, a series of practically constant ratios is obtained. 
The variations between these ratios are not greater than 
might be expected, when the different sources of experi- 
mental errors are considered. 
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The results of experiments with the rich silver-lead 
alloys show that the equilibrium concentration of silver 
in the slag is directly proportional to the molecular con- 
centration of silver in the metal rather than to the 
weight percentage of silver therein. This conclusion 
does not conflict with the results shown in Table IV, 
where it was seen that, between the limits of 2 per cent 
and 8 per cent of silver in the metal by weight, the 
equilibrium concentration of silver in the slag is 
directly proportional to the weight percentage of silver 
in the alloy. Simple calculations show that within these 
limits the ratio between the composition of the alloy by 
weight and its molecular composition is so nearly con- 
stant that the variation could not be detected by the 
methods of experiment employed. But when the con- 
centration of silver in the alloy is increased beyond 
about 10 per cent by weight, the ratio between the 
weight percentage and the molecular percentage is 
altered to such an extent that the variation becomes 
apparent. It is unnecessary in any case to convert the 
silver concentration in the slag to terms of molecular 
concentration, because in all cases the slag is very 
dilute with respect to silver. 


General Statement of Equilibrium Conditions 


All of the foregoing facts and figures can be summed 
up in a single statement as follows: At a given tem- 
perature the equilibrium concentration of silver in a 
slag of the type that has been investigated is directly 
proportional to the molecular concentration of silver in 
the meta) with which the slag is in contact, and it is 
also directly proportional to the molecular concentra- 
tion of litharge in the slag. Expressed in the form of 
an equation this statement appears thus 

Mol. per cent silver in metal 


Mg. silver per g. slag 
Constant 


Mol. per cent litharge in slag 

In the case of a given slag the molecular percentage 
of litharge is itself a constant, and, if the concentra- 
tion of silver in the metal is not too great, the molec- 
ular percentage of silver in the metal will be propor- 
tional to the weight percentage. Under such conditions 
the above equation may be reduced to the form 

Mg. of silver per g. metal 

Mg. of silver per g. slag 
which is the relationship originally determined and ex- 
pressed in Tables IV, V, and VI. 

In just what form the silver is present in the slag, 
and by what reaction its dissolution in the litharge is 
effected are points that at present cannot be definitely 
settled. It appears that the litharge is the most active 
of the slag-forming constituents employed in point of 
ability to dissolve silver. In fact, the other oxides en- 
tering into the constitution of the slags under con- 
sideration seem to have practically no power to dissolve 
silver and to retain it in the presence of metallic lead. 
From the relationship deduced in the preceding para- 
graph it might be said that the litharge possesses the 
ability to dissolve a definite quantity, expressed in molec- 
ular weights, of the silver-lead alloy with which it is 
in contact, and that this ability is independent of the 
degree to which the litharge may be diluted by other 
molecular species. If such is actually the case, then the 
observed variations of silver concentration in the slag 
with changing silver concentration in the metal and 
with changing litharge concentration in the slag are 
accounted for. On the other hand, the experimental 
results appear in many respects to indicate that the 
silver is dissolved by the litharge or slag in the form of 


K (a constant), 
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silver oxide, which may be produced by a reversible 
reaction represented by the following equation: 
2Ag + PbO = Ag,O + Pb 

Supporting this theory is the fact that the litharge is 
the only readily reducible oxide present in the slag, and, 
therefore, the amount of silver oxidized and retained 
by the slag will depend mainly upon the amount of 
litharge present. Opposed to it is the experimental 
work of Lewis,’ who has shown that silver oxide is a 
very unstable compound at elevated temperatures, it 
having a strong tendency to dissociate into metallic 
silver and oxygen. The dissociation tensions were found 
to be as follows: 


Dissociation Tension in 


Temperature, C Atmospheres of Oxygen 


445 207 


It is evident that the tendency of pure silver oxide 
to dissociate into metallic silver and oxygen at the tem- 
perature of the assay furnace would be measured in 
terms of thousands of atmospheres of oxygen. But it 
is entirely possible that the dissociation tension of this 
compound may be greatly depressed when it is present 
in very dilute form in a slag. 

Which of the two proposed theories offers the correct 
explanation of the ability of the slags to retain silver 
the writer is not prepared to state. The experimental 
results point in part to each, and it may be that the 
litharge both dissolves a portion of the alloy as such 
and at the same time oxidizes a portion of the silver. 
Whatever may be the true explanation, the effect is 
found to be the same as might be predicted from the 
hypothesis that the litharge simply dissolves a portion 
of the alloy with which it is in contact. 


Effect of Temperature on Dissolving Power of Litharge 


It has already been shown that the probable ratio of 
equilibrium concentrations of silver in a dilute silver- 
lead alloy and in pure litharge at 892 deg. C. is 1000, 
concentrations by weight being considered. Several 
methods are available whereby this information may 
be extended to other temperatures. Probably the best 
way is to start from the point mentioned and construct 
a curve similar to those representing the various slags 
in Fig. 3. The necessary calculations for the construc- 
tion of such a curve may be made with the aid of the 
van’t Hoff equation,’ which is: 

dloge-K Q 
a’ 


In this equation K is, in general, a mass action con- 
stant, which in the case under consideration is repre- 
sented by the ratio of equilibrium concentrations of 
silver in the metal and in the slag; Q is the heat of 
reaction of the process as it takes place at the absolute 
temperature represented by T. More exactly, Q is the 
heat evolved by the reaction when a molecule of the 
reactant represented in the denominator of K is pro- 
duced. If it is assumed that the litharge simply dis- 
solves the alloy, then Q represents the heat of solution. 
The quantity R is the constant of the gas laws; its 
value is 1.985 g. calories. 

The above is a differential equation, the integral of 
which is 


log. K - aa + B, 


RT 
where B is the constant of integration. If the values 
of K are K, and K, at the temperatures 7, and T, re- 


"Journal Am, Chem, Soc., XXVIII, part 1, p. 139 (1906) 
*Nernst, Theoretical Chemistry, Trans. 6th Ger. Ed., p. 654. 
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spectively, by substitution the two following equations 
are obtained: 


 @ 
RT, 
—— 
RT, 
Subtraction of the first of these from the second gives 
Q(T, — T,) 
RTT. 
Substituting for R its value, 1.985 cal., and employing 
logarithms to the base 10, produces the working equa- 
tions, 


log. K, + B, 


log, K, + B. 


log. K, — log, K, 


Q (T,— T,) 
4.571 . (T,T,) 







log K, — log K, 
and 
4.571 (log K, — log K,) (T,T,) 


e y—F 
































In the above integration it is assumed that Q is in- 
dependent of the temperature, which is not generally 
the case. But the experiments under consideration were 
not sufficiently exact to indicate the variations of Q 
with temperature, so the assumption that it does not 
vary is consistent with the general precision of the 
results. 

By means of the integrated equation and the values of 
K for various temperatures a number of values of Q 
can be calculated, the average of which will provide a 
fairly correct average value for the heat-of-solution of 
silver in the slags over the range of temperature cov- 
ered by the experiments. The method of calculation is 
illustrated by the following example. Experiments with 
slag No. 3 at 780 deg. and 837 deg. C. (1053 deg. and 
1110 deg. absolute) show the equilibrium concentration 
ratios of silver in the metal and in the slag to be 6140 
and 3980 respectively. The following substitutions in 
the integrated van’t Hoff equation will yield the value 
of Q corresponding to these data: 


T, = 1053 
T, = 1110 
K, = 6140 
K, = 3980 


| log K, = 3.7882 
log K, 3.6000 
4.571 (3.6000 — 3.7882) 1053 & 1110Q 
57 - — 17,700 cal. 


Similar calculations have been made with the aid of 
all data contained in Tables IV, V, and VI. The re- 
sulting values of Q are collected in Table X. 


, TABLE X CALCULATED VALUES OF Q FoR ALL SLAGS AND TEM- 
PERATURE RANGES 
4 
> Slag No Temperature Range, C. Calculated Value of Q 
> 1 837 to 892 16,800 
2 R37to 892 20,900 
B 2 S92to 960 — 18,200 
3 780 to 837 17,700 
z 3 S37to 892 21,500 
- 3 RS2to 960 -17,800 
3 960 to 1045 16,900 
\« 3 1045 to 1143 19,500 
3 3 1143 to 1173 15,400 
4 892to $60 16.400 
4 960 to 1045 - 21,600 
f 5 960 to 1045 18,900 
Average value of Q ~ 18,500 cal. 
The fact that no consistent relationship between the 
heat of reaction and the composition of the slags is 
Ss 


disclosed by the twelve values of Q thus obtained con- 
stitutes additional proof of the proposition that the 
same reaction, whatever its nature may be, is respon- 
sible in each case for the transfer of silver from the 
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metal to the slag, or the reverse. Therefore, it appears 
safe to assume that the figure — 18,500, representing 
the average heat-of-reaction found in Table X, will ap- 
ply when the slag consists of pure litharge as well as 
when it is a solution of litharge in other oxides. With 
the aid of this assumption the equilibrium concentra- 
tion ratio at any temperature of silver in silver-lead 
alloys and pure litharge may be calculated from the 
previously obtained value of 1000 at 892 deg. C. See 
Fig. 4. 

For example, to calculate the concentration ratio at 
$50 deg. C. for silver in dilute silver-lead alloys and pure 
litharge, the following substitutions are made in the 
integrated van’t Hoff equation: 


log K, = log 1000 = 3.0000 
T. = 892 + 273 = 1165 
T, = 950 + 273 = 1223 
Q = — 18,500 

ah 18,500 (1223 — 1165) 
log K, — 3.0000 = - Fer S77165 S< 1228 

log K. — 3.0000 — 0.1646 — 2.8354 

Kako «Oh 


Similar calculations have been made for temperatures 
above 950 deg. with results as shown in Table XI. The 
calculated values are plotted to scale in Fig. 3 with a 
dotted line drawn through the points. 


TABLE XI EQUILIBRIUM CONCENTRATION RATIOS OF SILVER IN 
DILUTE SILVER-LEAD ALLOYS AND PURE LITHARGE AT 
VARIOUS TEMPERATURES 
Temperature, C. Ratio Mg. of silver per g. of metal 

Mg. of silver per g. of litharge 
K9°2 1000 
O50 685 
1000 507 
1050 385 
1100 298 
1150 235 
1200 188 


The concentration ratios thus obtained represent with 
fair accuracy the equilibrium conditions so long as the 
concentration of silver in the metal remains below about 
10 per cent. Above this point another set of vaiues is 
required, because the concentration of silver in the 
litharge is in reality proportional to its molecular con- 
centration in the metal rather than to its weight con- 
centration therein. Accordingly, a set of ratios has 
been calculated which represents the relationship be- 
tween the molecular percentage of silver in the metal 
and the mg. of silver per g. of slag at various tempera- 
tures. In order to calculate such a ratio assume a con- 
centration of silver in the metal equivalent to 40 mg. 
per g., or 4 per cent by weight. This corresponds very 
closely to the composition of the alloys employed in 
most of the slag experiments. The molecular percent- 
age of silver equivalent to this weight percentage is 
7.40. From Fig. 3 it is seen that at 900 deg. C. the 
ratio of equilibrium concentration of silver in the metal 
and silver in pure litharge is 950, weight concentration 
being considered. The corresponding concentration of 
silver in the litharge will be 

40 
950 


The desired ratio of molecular percentage of silver in 
the alloy to concentration of silver in the litharge may 
now be obtained by division, 


7.40 


0.0421 mg. of silver per g. of litharge. 








Ratios corresponding to other temperatures have been 
calculated. The resulting values are given in Table XII, 
and are shown plotted to scale against their correspond- 
ing temperatures in Fig. 5. 
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FIG. 5 EQUILIBRIUM CONCENTRATION RATIOS OF SILVER 


IN SILVER LEAD ALLOYS AND PURE LITHARGE AT 
VARIOUS TEMPERATURES 


To facilitate the use of Table XII Fig. 6 is provided, 
which shows the relation between molecular and weight 
percentage in silver-lead alloys. 

The ratios of molecular per cent of silver in the metal 
to mg. of silver per g. of litharge may apparently be 
relied upon to indicate with reasonable accuracy the 
equilibrium conditions at various temperatures when 
pure litharge is held in contact with silver-lead alloys 


TABLE XII EQUILIBRIUM CONCENTRATION RATIOS OF SILVER IN 
SILVEeR-LEAD ALLOYS AND PURE LITHARGE AT 
Various TEMPERATURES 
Molecular per cent silver in metal 
Tem} tur ( Rati “ 
Mg. of silver per g. of litharge 
176 
127 
1 o4 
10 @9o5 
110 eae 
l1if $3.6 
l 34.8 


of compositions up to 70 per cent silver by weight. Ex- 
perimental work with the slags has not been carried 
beyond this point. Therefore, positive evidence in re- 
gard to more concentrated alloys is lacking. But vari- 
ous records of cupellation in the English type of cupel- 
ling furnace show that the concentration of silver in 
litharge from rich bullion is generally much higher than 
the ratios of Table XII would indicate. However, in 
comparing these ratios with any figures from practice 
it should be remembered that they are supposed to indi- 
cate the concentration of silver actually dissolved in 
pure litharge, when equilibrium has been established 
between it and the metal with which it is in contact. 

The litharge made in the cupellation furnace is gen- 
erally not pure, but contains oxides of other metals in 
various amounts. These oxides may exert a greater 
dissolving action upon the silver than would an equal 
amount of pure litharge, and owing to this fact the dis- 
solved silver in furnace litharge may be higher than 
the above equilibrium ratios would indicate. A part of 
the silver contained in cupel furnace litharge is almost 
invariably present as minute shots of the silver-lead 
alloy mechanically carried, and some of the high assay 
values of furnace litharges are doubtless due to this 
fact. These points should be taken into consideration 
when the equilibrium ratios of Table XII are compared 
with data from practice. 

In addition to the above reasons why furnace litharge 
may be much richer in silver than the concentrations 
corresponding to the ratios in question, there is another 
possible explanation, which should not be overlooked. 
If all or a considerable part of the silver is held by the 
slag or litharge in the form of silver oxide, then it is 
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entirely possible that, when a rich silver-lead alloy is 
subjected to rapid oxidation, the litharge as it is first 
formed may contain a much greater amount of silver 
than corresponds to the equilibrium concentration. If 
there is intimate contact between the metal and the 
litharge for a sufficient length of time, the excess of 
oxidized silver will re-enter the metal. But under con- 
ditions of rapid cupellation and rapid removal of lith- 
arge from the metal this condition of supersaturation 
may not be relieved. Hence, if the silver is actually 
subject to oxidation to any considerable extent, the 
litharge produced may contain much more dissolved sil- 
ver than corresponds to equilibrium conditions. It 
would appear that in the ordinary laboratory cupellation 
for determinative purposes, where oxidation is com- 
paratively slow and the litharge is formed as an ex- 
ceedingly thin film over the surface of the alloy, the 
conditions would be quite favorable to the attainment 
of equilibrium between the litharge and the metal. 
While in furnace cupellation on a large scale where 
rapid oxidation with forced draft is the rule, the condi- 
tions are not so favorable to the attainment of the 
equilibrium conditions that correspond to the tempera- 
ture at which the operation is conducted. 

Much more experimental work is necessary before the 
physical chemistry of cupellation can be thoroughly un- 
derstood. In this paper an attempt has been made, by 
extending the data secured from experiments with 
litharge-containing slags, to provide a little informa- 
tion, which appears to be reasonably accurate so far as 
it goes. That it does not go far enough to settle all 
of the questions involved is quite evident. But it ap- 
pears that further work should involve experiments with 
pure litharge rather than with more or less concentrated 
litharge slags, and on this account work with the slags 
has been discontinued. In this connection it may be 
well to note that the principal difficulty encountered in 
attempts to study pure litharge lies in securing a proper 
container for the molten material. Dilution and reduc- 
tion of the litharge have to be avoided, and molten 
litharge is almost as fluid as water. Consequently, if 
the properties of pure litharge are to be studied, the 
container must be chemically inert to the action of the 
molten material at high temperatures, and it must be 
relatively dense and non-porous. 

It is because of the difficulties encountered in pro- 
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curing such an ideal container that the experiments 


have not been carried further in this direction. It is 
on this account also that the temptation to extrapolate 
the results of the slag experiments to the point where 
the properties of pure litharge are indicated has proved 
irresistible. The only straw in sight has been grasped; 
whether the results thereby secured will be shown by 
actual experiment to be good or otherwise remains to 
be seen. 
Summary 

The results of the experimental work recorded above 
may be summarized as follows: 

1. Slags consisting of PbO, Na,O, SiO,, and B,O, re- 
tain silver in the presence of metallic lead, a true state 
of equilibrium between the metal and the slag being 
attainable under each set of conditions. 

2. The total amount of silver retained by the slag is 
proportional to the weight of the slag. Hence, under 
definite conditions a definite concentration of silver in 
the slag is required to produce equilibrium. 

3. The concentration of silver in the slag increases 
with increasing temperature, other conditions being 
constant. The rate of increase of the silver concentra- 
tion is somewhat greater than the rate of temperature 
increase. See Fig. 4. 

4. At constant temperature the concentration of sil- 
ver in the slag varies directly with its concentration in 
the alloy, with which the slag is in contact. 

5. For small concentrations of silver in the metal its 
concentration in the slag is proportional to its weight 
percentage in the alloy. With richer silver-lead alloys 
the silver concentration in the slag is found to be pro- 
portional to the molecular percentage of silver in the 
metal. 

6. Litharge is found to be the most active of the 
slag-forming constituents in point of ability to dissolve 
and retain silver. 

7. Other conditions being constant, the amount of 
silver retained by the slag is directly proportional to 
the molecular concentration of litharge in the slag, and 
is independent of the silicate degree or oxygen ratio of 
the slag. 

8. An extention of the data secured from experiments 
with the slags yields provisional information in regard 
to the ability of pure litharge to dissolve and retair 
silver in the presence of metallic lead. 

9. The results are inconclusive in regard to the con- 
dition or state in which silver is held in solution by 
litharge. While in all cases studied the resulting con 
centration of silver in the slag was found to be what 
might be expected if the litharge actually dissolves a 
portion of the alloy with which it is in contact, this fact 
in no way precludes the possibility of the silver being 
oxidized to a greater or less extent. 

Note.—In the first part of this article published in 
the issue of June 1, on page 640 in the second column 
the paragraph beginning “All experiments performed, 
etc.,” is misplaced. It should appear immediately be- 
fore the paragraph on page 641 in the second column 
that begins “The average ratios, etc.” 

Department of Metallurgy, 


The Pennsylvania State College, 
State College, Pa. 





The Kalbfleisch Chemical Corporation will build a 
new chemical plant at Chattanooga, Tenn., to cost about 
$75,000. 

The West Virginia Pulp & Paper Company at Me- 
chanicville, N. Y., is installing additional capacity in con- 
nection with its alcohol plant. A large Swenson quad- 


ruple effect evaporator is being completed for this plant 
at Chicago and it is expected that this will be erected in 
a very short while. 
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Wood Waste and Other Pulpwoods Used in 
1914 by United States Mills 


BY HENRY E. SURFACE 


Engineer in Forest Products, Forest Products Laboratory 


In the latter part of the year 1915, the Forest Prod 
ucts Laboratory was in need of immediate current data 
in connection with a study of the progress being made 
in the utilization of wood waste:as pulpwood, and since 
no recent statistics were available from other sources, a 
questionnaire in this regard was sent out to the various 
consuming establishments. A summary of the. statis 
tics obtained, together with a brief discussion of an in- 
cidental consideration brought out by the apparently de 
creased consumption and the high price being paid for 
pulpwood by many of the mills is given below as of 
public interest, although the concerns so kindly co-op- 
erating in the study have already received certain ad 
vance information. 

The 1914 figures of pulpwood consumption given 
herein must be considered more in the nature of esti- 
mates than as formal statistics. The latest official data 
on the wood and wood waste used in the United States 
for the production of paper pulp, that are at present 
available to the public, are those covering the year 1911 
as published by the Bureau of Census, U. S. Department 
of Commerce, in its circular entitled “Forest Products 
No. 1; Pulpwood Consumption: 1911.” Similar official 
statistics had been prepared in co-operation with the 
Forest Service, U. S. Department of Agriculture each 
year since 1905 but they were discontinued in 1911, and 
under the existing plan the only sources of such infor- 
mation will be the decennial and quinquennial censuses. 
The most recent of these, namely, the “Census of Manu- 
factures: 1914” covered the pulpwoods used in that year, 
but the rather comprehensive data collected will prob- 
ably not be in shape for publication until late in 1916. 
When these figures become available it will be interest- 
ing to observe in comparison those given below, since 
both cover the calendar year 1914. In doing so, it 
should be remembered that this present inquiry was 
made for a special purpose entirely foreign to the usual 
census needs. It did not cover so great a field, and ab- 
solute statistical accuracy was not essential since merely 
an indication as to the general trends of certain fea- 
tures was desired. The fact that all mills were not cov- 
ered by the reporting concerns, while a matter to be re 
gretted, was not one to void the success of the inquiry. 

The establishments to which schedules were sent in 
this inquiry were those equipped for the manufacture 
of groundwood and chemical fiber in the United States 
as listed in “Post’s Paper Mill Directory: 1915,” which 
presumably covers the 1914 equipment. The individual 
schedules were summarized in various ways and those 
items of most interest to the public are given in con- 
densed form as follows: 


SUMMARY OF PULPWOOD DATA 


NOTE Amounts are expressed in standard stacked cords of 128 
cu. ft. each. The “wood waste” in question, otherwise called 
“sawmill waste,” or “mill waste,” consists of slabs, trimmings, 


edgings, shavings, cores and other similar wastes of sawmills, plan- 
ing mills, and other wood working establishments. Items 4 and 5 
are estimations based on the reasonable assumption that the plants 
not reported upon must have consumed on the average as much 
wood in proportion to their capacities as did the reporting con- 
cerns (see item 3); the great preponderance of the latter (90:10) 
minimizes any inaccuracy in this regard. So far as could be 
learned from outside sources there was no marked variation in 
the proportion of idle and operating plants among those not report- 
ing as compared to the others. 


1. Total number of pulp mills in U. S. A., 250; pro- 
portion of same covered by reporting concerns, 90.0 per 
cent. 

2. Total potential wood-consuming capacity of all! 
pulp mills, 6,499,760 cords per annum; proportion of 
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such potential capacity covered by reporting concerns, 
82.1 per cent. 

3. Ratio of actual pulpwood consumed to potential 
capacity, for reporting concerns, 66.0 per cent; ratio 
of wood waste used as pulpwood to total pulpwood, 7.7 
per cent. 

4. Estimate of total pulpwood (including wood waste) 
consumed by all mills whether reporting or not, about 
4,290,000 cords; estimated cost, about $36,800,000. 

5. Estimate of total wood waste used as pulpwood by 
all mills whether reporting or not, about 330,000 cords; 
estimated cost, about $1,400,000. 

6. Distribution of wood waste used as pulpwood by 
reporting concerns, according to process of manufac- 
ture; mechanical, 3 per cent; sulphite, 76 per cent; sul- 
phate, 13 per cent; soda, 8 per cent. 

7. Average costs per cord delivered at mills of re- 
porting concerns; for pulpwood of all kinds $8.58; for 
wood waste, only, $4.25. 

8. Classified costs of pulpwood of all kinds and of 
specified kinds, delivered at mills is given in Table I. 


Tasce | 


Nemper or Reporting Concerns 
t ~ or ¢ r 
Pulpwood* Rough Peeled Rossed Wood 
All Kinds Wood Wood Wood Waste 
$ 0-80 99 1 0 0 0 | ; 
1 00 10 0 0 0 0 0 
2 OO ag 1 1 0 
, ow ay l 2 0 0 ' 
4 00- 4.99 7 4 1 0 
5 0O- 5.99 13 4 0 0 
6 00- 6.99 14 12 ) 0 l 
00 ” 16 12 7 0 2 
s OO- 8 09 2 16 oo) 1 1 
+ (> 4 "— 2s 25 7 4 7 
10 00-10.99 28 10 4 2 0 
11 00-11.99 14 5 17 1 l 
12 00-12 .99 il l t 9 0 
13._00-13.99 7 0 2 14 1 
14 00-14.99 ¢ 0 0 13 0 
15. 00-1 ” 4 0 0 4 0 
*For example, 7 concerns paid between $4 and $5 for the average cord of wood used by each 
n 1914, regardless of form whether rough, peeled, rossed or wast 
EXPLANATION OF ITEMS 
Items 1, 6, 7 and 8 were obtained solely from the 


schedules. 

The potential wood consuming capacity as given un- 
der item 2 is a hypothetical value signifying the great- 
est amounts of wood that all the pulp mills of the Uni- 
ted States could use in a year if they were to operate 
at full rated capacity 360 days for mechanical mills and 
310 for chemical mills. This value, which was needed 
for making the estimates in items 4 and 5, was obtained 
from the pulp producing capacities of the mills as re- 
corded in Post’s Paper Mill Directory, 1915, assuming 
one ton of mechanical pulp equivalent to one cord of 
wood, and one ton of chemical pulp equivalent to two 
cords of wood. Obtained in this way the value itself may 
or may not be anywhere near correct; for the purpose 
at hand, it really matters little how far off it may be. 
The important thing is that it will be as nearly correct 
for all of the mills as the similarly obtained value (3,- 
522,108 eds.) is for the reporting concerns, and the re- 
sultant ratio (82.1 per cent) between the two values 
must be quite accurate in consequence. 

The data under item 3, obtained jointly from the 
schedules and from item 2, show that the reporting pulp 
mills operated to practically two-thirds (66.0 per cent) 
of their “potential capacity” during 1914, while of the 
total pulpwood reported 7.7 per cent was wood waste. 
The estimates of amounts of pulpwood and of wood 
waste under items 4 and 5 assume that these same 
ratios hold good for all of the American pulp mills in- 
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cluding the small number (10 per cent) or small capac- 
ity (17.9 per cent) not actually reported upon. Even 
if the ratios for the non-reporting mills alone were as 
much as 30 per cent off from the average of the re- 
porting concerns, it would put the estimates in error by 
only about 5 per cent and, moreover, it would be scarcely 
believable that every last one of the twenty-five non-re- 
porting mills were operated under such phenomenally 
good (or phenomenally poor) conditions that their in- 
dividual variations from the average would all be in the 
same direction to the extent of 30 per cent or any other 
large proportion. The natural tendency would be for 
these individual variations to practically offset each 
other. Likewise, the estimated costs under items 4 and 
5 are based on assumptions that the average prices per 
cord for the reporting concerns (item 7) would very 
nearly hold good for all of the mills, but they, of course, 
are purely rough approximations. 

It should be noted that the percentage distribution 
of pulpwood by processes of manufacture, as given un- 
der item 6 apply only to the wood waste and not to the 
great bulk of total pulpwood. 

The average costs under item 7 were obtained by 
dividing the total costs of all wood reported upon by 
the total number of cords reported with cost figures ac- 
companying. 

In item 8 the number of concerns noted under the sev- 
eral kinds of pulpwoods reported does not signify num- 
ber of establishments or mills. This is of importance 
since some of the reporting concerns recorded a single 
cost figure to apply to two or more mills, under the 
same local management, for which no distinction was 
made in figuring wood costs. 

In view of the above explanation as to just how the 
several figures were obtained there is no apparent ob- 
jection to making them public. The “estimates” in par- 
ticular are given for whatever they may be worth in 
the opinion of those finding use for them and the only 
assurance which can be given as to their ultimate re- 
liability is that they are as accurate as the mill reports 
and the statistical laws of averages will afford under 
carefully checked compilations. 

Assuming the figures above to be measurably cor- 
rect, it is interesting to compare them with similar fig- 
ures for previous years and thus get an idea as to 
where the wood pulp industry stands to-day. Table II 
will serve this purpose: 


Taste Il—Consvuwption of Putpwooo sy Unrrep States Mis 
Pulpwood, Wood Waste 
Year All Kinds* Only Authority 
Cords Cords 

1914 4,290,000 330.000 Unofficial estimates 
1913 No data available 
1912 No data available 
1911 4,328,052 280,534 Forest Service and Bureau of Census 
1910 4.004.306 262 , 637 Forest Service and Bureau of Census 
1909 4,001, 607 248,977 Forest Service and Bureau of Census 
1908 3,346,953 a Forest Service and Bureau of Census 
1907 3,962 , 660 A Forest Service and Bureau of Census 
1906 3,661,176 a Forest Service and Bureau of Census 
1905 3,192,223 a) Forest Service (H. M. Hale) 
1809 1,986,310 a) Bureau of Census 


a) Not reported separately 
*These figures cover both domestic and imported goods 


It is a matter of surprise that the figures of Table II 
show the American wood pulp industry to have declined 
since 1911, although it is well recognized in the trade 
that the United States production of pulp from wood 
has not been keeping up with the actual domestic con- 
sumption of pulp and paper products. Even were the 
1914 figures too low by 5 per cent, the industry appa- 
rently would not have made the normal gain during the 
last three years that its previous record warranted. 
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In seeking reasons why the American industry made 
little or no progress in 1914, one finds two important 
factors, aside from the previous large and steadily in- 
creasing importations of European pulps, that would 
have operated either separately or in combination to 
bring this about. In the first place, 1914 was a year of 
severe depression for business in general; the next pre- 
ceding year of severe business depression was in 1908, 
which is similarly reflected in a decreased wood con- 
sumption for that year, as compared with both 1906 and 
1907. On the other hand, consideration cannot be given 
the possibly waning industry of this country without 
reference to the vigorous growth of the Canadian in- 
dustry during the last few years, inasmuch as the 
greater portion of its products (e.g., something like 
nine-tenths of its news print) is marketed in the United 
States. While general business depression in 1914 was 
as pronounced in Canada as in the United States, yet 
the Canadian wood pulp industry continued its remark- 
able development. A comparison of the United States 
record, as above, with that of Canada, as given in the 
following excerpt from the Papermill and Wood Pulp 
News, Aug. 7, 1915, page 18, is quite enlightening: 

“Canadian statistics show that the consumption of pulp- 
wood in Canada increased nearly 10% per cent in 1914, 
compared with 1913. Since 1910 the increase has been 
104 per cent. The 66 active pulp mills in Canada in 1914 
consumed 1,224,376 cords of pulpwood, valued at $8,089,868, 
while in addition to this 972,508 cords valued at $6,680,490, 
were exported in an unmanufactured state. In 1914, 55.7 
per cent of all pulpwood produced in Canada was made into 
pulp in Canada and 44.3 per cent was exported, chiefly to 
the United States in the raw or cordwood state. Formerly, 
only one-third of the pulpwood produced in Canada was 
made into domestic pulp.” 

Disregarding all artificial restrictions on the course 
of trade, it is but the natural outcome that the wood 
pulp industry should gravitate more and more from the 
eastern United States to Canada, from a region where 
pulp wood is becoming scarce and costly to one of more 
abundant and cheaper timber. In time, the present 
manufacturing regions, even in Canada, will have to 
yield likewise to other and newer sources of supply. 

While other natural resources and facilities than tim 
ber are of importance, it is not necessary to look fur 
ther than the 1914 figures on American pulp wood costs 
(item 8 above) to understand how Canada, with an 
average wood cost of about $6.50 per cord and with 
legislation as well as sentiment restricting the exports 
of pulp wood, has been able to attract the industry, even 
though the market is on the American side. 

Something like one-third of the United States com 
panies are now paying from $10 to $16 per cord for 
their entire supply of wood and, without prospect of 
relief in sight, realize the outcome of trying to compete 
with mills more favorably circumstanced. In conse- 
quence, a number of American operators have been ac- 
quiring Canadian interests, but some, unwilling to for- 
sake purely domestic manufacture, are of the opinion 
that it might be better to transfer their energies and 
resources from the wood pulp industry to other lines of 
endeavor. 

Still others, neither willing to move to Canada nor 
wishing to abandon the industry altogether, may sooner 
or later find it worth while to shut down their Eastern 
plants and operate in southeastern Alaska or in the 
West, where water power is absurdly cheap and emi- 
nently suitably pulp timber from the National Forests, 
at least, can be delivered to desirabie mill sites for the 
next twenty to forty years at prices of about $2.50 to $4 
per cord, covering all charges, and this without any 
investment in timberlands, without taxes or fire risks. 

It is at least significant that the enormous savings 
they could affect in wood costs per ton under such con- 
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ditions would more than offset the higher freight rates 
they would have to pay to bring finished paper or chem- 
ical pulp to their original Atlantic seaboard markets 
without trying to enter new ones. Even the 1915 
marine rate of 40 cents from coast to coast is not par- 
ticularly discouraging under such considerations. 

In consequence of existing conditions and of those to 
be expected, there are already specific opportunities for 
Western enterprises that will doubtless excite the curi- 
osity of some of the Eastern operators if not their more 
serious consideration. Of course, real difficulties in the 
way of such new developments must be expected, but 
the risks are growing less each vear and close investiga- 
tion eliminates many of the usual stock objections. 

The signs of the times indicate that if the United 
States is to retain its pre-eminence in wood pulp manu- 
factures it will evidently have to make use of its won- 
derful Western and Alaskan resources. Even the use 
of wood waste, as indicated by the above tabulation, 
while encouraging in the steady progress that has been 
made, does not at present seem sufficient to warrant the 
hope that it will be the predominant factor in keeping 
our industry at home. 


Forest Products Laboratory 
Madisor Wis 


Extraction of Gold and Silver from Matte 
by Lead* 


By W. MOSTOWITSCH 

In practice there are two different processes for the 
extraction of the noble metals from materials contain- 
ing gold and silver. 

1. Smelting with lead ores or lead-carrying materials 
in the blast furnace. The resulting base bullion is de- 
silverized and the gold and silver parted. 

2. Treatment of mattes and speises with molten lead 
(Crooke and Davies). The treatment of copper matte 
with molten lead for the removal of gold and silver is 
still used in Japan (Bull. A. I. M. E., Nov., 1914, p. 
2693). 

The results from practice show in general that the 
gold collects chiefly in the base bullion, the silver divid- 
ing itself between base bullion and matte. The percent- 
age extraction of silver is lower, the greater the amount 
of matte for the same amount of base bullion. This 
fact is illustrated by table III in an article by M. Ortin 
(Metall und Erz, 1913, p. 840). 

Experimental results are given in an article by S. 
Blisinski (Chemik Polski, XII, 1912, No. 8). He made 
a series of synthetic mattes by melting together FeS 
(Fe = 70.25, S = 25.54 per cent) with Cu.S (Cu = 78.8, 
S = 20.98 per cent) in such proportions, that the re- 
sulting mattes contained about 25 per cent copper. 
These mattes were repeatedly remelted with powdered 
silver and gold. Thirty grams of this material was then 
melted with lead in a muffle furnace in a graphite cruci- 
ble. In these tests the quantity of the lead, the tempera- 
ture, and the duration of the melting were varied. In 
the resulting product lead, gold, and silver were deter- 
mined. The first series of experiments were made with 
mattes A and B of the following analyses: 


Ag Cu Fe Ss 
7.32 17.10 46.80 25.24 
B 8.80 17.50 44.95 25.18 


} 


Thirty grams each of A and B were melted with 15 to 
120 gr. Pb at 1000, 1100 and 1250 deg. C. for from 45 
to 90 minutes. 


°Tra ansiated in abstract from the youre) of 
lurgical Society, 1914, No. 4, pp. 511 to oe eaten Sal 
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The results of these experiments showed that lead ex- 
tracted 72 to 93.8 per cent of the silver; the percentage 
extraction increased as the amount of lead increased and 
it also increased with rising temperature but decreased 
as the time of heating increased. 

Experiments were made with a gold-containing matte 
of the following composition: Au 1,247, Cu 17.65, Fe 
19.90, S 27.77. Thirty grams of matte were melted with 
30 to 90 gr. of lead at 1000, 1100, and 1250 deg. for 45, 
90 and 135 minutes. According to the analyses the ex- 
traction of gold was influenced much less by the amount 
of lead than was the extraction of silver. When the lead 
varied in amount from one to three times the weight of 
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the matte, the gold extraction varied between 95.2 and 
99.3 per cent. The temperature and time of heating 
had very little effect. 

From these experiments it appears that a contact be- 
tween the lead and gold is sufficient to obtain an extrac- 
tion of 93.3 to 99.3 per cent, still under the same con- 
ditions the solubility of the gold in lead is higher than 
the silver. If we assume the ratio of the w:ights of Pb 
to matte to be n, and the per cent extraction of the 
silver P.,, that of the gold Pou, we have: 
n=! 


At 1000 deg. C. and 45 min. heating I’ 83.47 | 91.35 90 62 
7 


i 99.06 98.77 98. 87 


] 
82.92 97.85 | 


At 1100 deg. C. and 45 min. heating I’ 
, 96.87 09.33 


93.58 
09.14 


The solubility of the gold in lead is so great that the 
change from n l ton 3, has not much effect on the 
extraction. It is interesting to note what the minimum 
amount of lead is, which will extract all the gold. For 
copper we have the researches of Gibb (H. O. Hofman, 
Metallurgy of Copper, p. 295). 

Experiments were made in our laboratory as follows: 
Twenty grains of a gold-carrying matte were melted in 
a cryptol furnace in Tammann carbon tubes at 1050 deg. 
C. with different amounts of lead. Stirring was done 
with a carbon rod. The copper matte contained Cu 
36.92 per cent, Fe 36.98, S 24.40, Au 0.00335 per cent, 
Ag 0.0354 per cent. The results are given in Table I. 

The following conclusions may be drawn: 

1. The percentage extraction of the gold and silver is 
proportional to the amount of lead added. 

2. With an amount of lead equal to 80 per cent of the 
weight of the matte practically all the gold is extracted. 

3. The extraction of the silver reaches only 72 per 
cent with equal amounts of lead and matte. 

The form in which gold and silver exist in mattes is 
not yet fully established. It may be assumed that the 
silver is combined as Ag.S, while it is possible and quite 
probable that the gold occurs uncombined, or alloyed 
with the sulphides or metals in the matte. Evidence in 
favor of the assumption as to silver, is found in the 
difficulty of the extraction of the silver. The decom- 
position of Ag.S by lead according to the equation 


2 Ag.S+2Pb— Ag,Pb + Ag.S. PbS 


proceeds to the formation of an alloy Ag.S. PbS, and as 
a result the extraction of the silver through a single 
treatment with lead cannot be accomplished. 
Experiments were made to clear up this question. The 
experiments were also intended to show whether lead 
treatment of the matte could be used as a method for the 
analytical determination of the gold in the matte since 
the known analytical methods for this purpose are too 


Taste I 


ene 


EXTRACTION IN 


REMAINING IN Matre AFTER 
per CENT 


BULLION ETXRACTION 


Ag, Au, per 
Mer. | Cent 


4.97 48.8 70.26 


3.28 
0.01 


| 0.015 
| 













long, too complicated and too costly. Six mattes of the 
composition shown in Table II were tested. 
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IN rer CENT Mer. tx 10 Gr 


















Matte I 2 72 } 24.7 29 
Matte Il 11.90 0.86 19 85 | 24 O95 17 52 $73 
Matte Ill 19.71 4.19 12.58 25.85 2 13 1.83 
Matte I\ 11.23 7.15 24.52 > 72 49 «44 9 52 
Matte \ 66.88 8.68 2 61 18. 40 5 262 0.44 
Matte VI 16.42 19.65 0.23 1.25 17.60 1300 22.8 
Mattes I to V_are crude and concentrated mattes from copper and copper 


lead smelting at Ural smelters 


Matte VI was obtained from gold-zine precipitates from a gold mine 


Experiments were made with 10 to 15 grams of matte 
heated in carbon tubes in a cryptol furnace at 950-1000 
deg. C., whereupon 10 to 25 grams of lead were added. 
To accelerate the extraction, the melt was stirred with 
a carbon rod. At all temperatures the melt forms two 
layers, namely lead and matte. The contents were then 
placed in a crucible which was heated to full redness in 
an electric furnace. At one and the same temperature 
the extraction of the noble metals depended on the 
amount of lead and duration and intensity of stirring. 
The effects of these factors were tested with the results 
given in Table III. 

The experiments were made with mattes of different 
origin, character, and gold and silver content. Never- 
theless, the extraction of the gold was about 100 per 
cent, that of the silver 64.4 to 96 per cent. From forty- 
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Matte | Matte, ! Added, | Heat- | tions 
No Gr Gr 











1 Il 10 10 10 650 s.8 11.9 
2 Il 10 10 10 650 g 1 11.9 
3 Il 10 10 10 650 s 9 11.9 
4 II 10 20 10 6oo 18.8 119 
5 II 10 20 10 600 19.0 11.9 
6 Il 10 25 10 600 23.7 11.9 
7 II 10 25 15 600 23.9 11.9 
‘ Il 10 15 ) 310 14.0 11.9 
Q II 10 15 5 310 13.5 11.9 


10 Ill 10 25 10 340 23.8 19.71 
11 Ill 10 | 25 10 340 24.4 19.71 
12 Ill 10 25 10 340 23.9 19.71 
13 lil 10 | 25 10 340 24.3 19.71 
14 Ill 10 15 5 310 14.0 19.71 
15 Ii! 10 15 5 310 14.0 19.71 
16 III 10 15 ) 310 14.0 19.71 





17 IV 10 25 } 15 500 24.7 41.23 
18 IV 10 25 15 500 24.8 11.23 
19 IV 10 25 | 500 24.7 41.23 
20 IV 10 15 5 200 14.7 41.23 
2 IV 10 15 | 5 300 14.2 41.23 
22 IV 10 15 | 5 300 14.5 41.23 
V 10 25 15 370 25.6 66.88 
Vv 10 25 | 10 310 25.5 66.88 
Vv 10 25 10 310 26.0 66.88 | 
Vv 25 10 310 5.2 66.88 | 
Vv 15 5 300 15.5 66.88 | 
Vv 15 5 300 15.7 66.88 
Vv 15 i 5 300 15.1 66.88 


VI 5 10 5 300 46.42 
VI 5 10 5 300 46.42 | 
VI 5 10 5 300 46.42 | 
VI 5 20 5 300 46.42 
VI 5 20 5 300 46.42 
VI 5 20 5 300 46.42 | 
VI 5 30 5 300 46.42 | 
VI 5 | 30 5 300 46.42 | 
VI 5 5 4 46 


four tests it is seen that the extraction of the gold is 
independent of the ratio of the weights of lead and 
matte, and also independent of the duration and in- 


tensity of agitation. 


For mattes I and II, the ratio o 


vattes III-V, the 


> and 6 


The duration of agitation varied between 5 and 15 
minutes, the intensity of agitation between 300 to 650 
rotations per minute and under all these conditions the 
For silver, the 
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extraction of the gold was 100 per cent. 


extraction increased with the ratio of lead to matte. 


matte II n 


wr matte III—n 


For matte IV n 


The variation of the 
had but little effect on 
following: 


Matte I\ 10 min. 500 rotations 


The relation between the percentage extraction of the 
silver and the copper content of the mattes 


from Table IV. 


III 


BLE 
BULLION 


or Marre 


Ag Au Ag, Au, Ag 
Mer Mer Mer Mer Meg 


17.52 1.73 14.35 4.75 
17.52 1.73 14.50 4.75 3 
17 1.73 13.85 4 85 
17. 52 1.73 16.25 4.75 
17 1.73 16.05 4.75 2 
17. 52 1.73 17.12 4.78 
17.52 1.73 16.52 4.78 1 
17.52 1.73 14. 4.70 
17.52 1.73 14.85 4. 80 
22.13 1.83 19.95 1.85 
22.13 1.83 20.55 1.85 
22.13 1.83 19.70 1.80 
22.13 1.83 20.20 1.80 
22.13 1.83 17.15 1.85 
22.13 1.83 17.30 1.85 
22.13 1.83 17.95 1.85 


49.44 9.52 | 43.9 9.40 
49.44 9.52 42.2 9.30 
19.44 9 4 12.8 9.30 
49 44 9.52 | 41.25 9.70 
49 44 9 40 85 9.55 
49.44 9.52 40.75 9.60 
92. 65 0.44 , 41.58 0.52 
52. 65 0.44 | 41.60 0.50 
92. 65 0.44 40.7 0.50 
52.65 0.44 40.7 0.50 
52. 65 0.44 | 33.80 0.43 


In 
In 10 Gr In Base MATTE 


time and intensity of agitation 
the extraction as shown by the 


per 
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( 


Extraction 


min. extraction 
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ions per min. extracti 
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Au Mean 
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650 4 (502.05 55 

668 62 510.85 55 =—-:163 
668 62 507.85 55 

46 62 575 
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EXxXTrac 


Mean 
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So 
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66 


705 





varied between 


12.97 


10.95 


is evident 
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81.2 100 
92.2 100 
aw 100 
84 100 


90.9 100 


79 100 






Si OS 
83 100 
78.1 100 
64.4 100 











79.90 99.4 






86.1 100 


90.8 99.4 


METALLURGICAL 
Taste I\ 


Per Cent Cu 1s Marre 


EXTRACTION PER CENT 


For the same weight ratio of lead to matte the ex- 
traction of the silver decreases with increasing copper 
content. 

Such an easy and complete extraction of the gold from 
the mattes makes it probable that the gold exists in 
matte in the free state, as a mechanical mixture. This 
view is also supported by the fact that gold occurs in a 
similar free form in most natural sulphides whereby the 
extraction by cyanide solution is explained. The silver 
occurs in matte chiefly as Ag.|S. Accordingly the extrac- 
tion of the silver depends on the breaking up of this com- 
pound as follows: 

2 Ag.S+3 Pb = 2 Ag. Pb+ Ag.S. PbS 

This reaction proceeds, as is known, to the formation 
of a new matte system. In our case Ag.S. PbS is formed 
and when the concentration of the silver in both phases 

matte and base bullion—reaches a certain amount, the 
action of the lead on the newly formed matte ceases and 
an equilibrium is established between both products. 

The lowering of the silver extraction with increasing 
copper content in copper mattes shows that the copper 
component of the matte (Cu,S) binds the silver and on 
that account the value of the final concentration of the 
silver in the matte is raised. The lead then loses its 
action on the Ag.S. According to the phase diagrams of 
Friedrich (Metallurgie, IV, 1907, p. 171) it can be seen 
that out of several sulphides which occur in matte, Cu.S 
and Ag.S form mixed crystals. This indicates that the 
two sulphides have a large mutual solubility, and this 
explains the decreasing silver extraction from copper 
matte, as the copper content increases. 

The complete extraction of gold from matte by agita- 
tion of the melt with lead, together with the simplicity 
and ease of operation of the process, indicates the possi- 
bility and desirability of the application of this process 
to quantitative determinations of gold in mattes. This 
method requires only 2 or 242 hours, divided as follows: 
Agitation, 10 minutes; slagging of the base bullion once 
or twice, 142 hours; cupellation, etc., 1 hour. A very 
small amount of reagents is required and the manipula- 
tion is simple. 


Tomsk, Russia 





Many Industries Represented in Exhibit of Water- 
works Appliances.—An exhibition of waterworks ap- 
pliances was held in the ballroom of the Hotel Astor, 
New York, in conjunction with the annual Waterworks 
Convention held June 5 to 9. Among the companies 
represented were the following: Eimer and Amend, 
New York (chemicals, laboratory supplies, water stills, 
etc.) ; U. S. Cast Iron Pipe & Foundry Co., Burlington, 
N. J. (cast iron pipe); Bristol Company, Waterbury, 
Conn. (recording pressure, temperature, and other 
gages); Worthington Pump & Machinery Co., New 
York (pumps and all kinds of machinery) ; Mogul Com- 
pany, New York (acid-resisting coating for pipes, tanks, 
etc.); American Bitumastic Enamels Co., New York 
(non-corrosive enamels); Lead Lined Iron Pipe Co., 
Wakefield, Mass. (lead-lined iron pipe) ; Electro Bleach- 
ing Gas Co., New York (chlorine). 


AND CHEMICAL ENGINEERING 


VoL. XIV, No. 12 


Flotation Versus Cyanidation 
BY JACKSON A. PEARCE 


As a factor in ore dressing, flotation is occupying a 
prominent place and may as well be considered a fix- 
ture. Results on lead, copper, and zinc ores are espe- 
cially gratifying the world over. With these ores the 
process is additional rather than substitutional. In 
some instances, jigs, vanners and buddles have been 
eliminated from the flow-sheet, but as a distinct sub- 
stitutional process it has found but limited application. 
In some mills it is true it has substituted cyanidation 
in the treatment of certain gold and silver-bearing 
pyritic ores, yet it has not met with the same general 
success as in its application to lead, copper and zinc 
ores, 

At the Argo mill’, Idaho Springs, Colo., some inter- 
esting parallel tests have been carried out to show the 
relative merits of flotation and cyanidation on these 
pyritic ores. Since November, 1913, I have been treat- 
ing at this mill a large variety of sulphide ores by con- 
centration and cyanidation. The extraction of the gold 
has been satisfactory—from 88 per cent to 98 per cent. 
The extraction of the silver has been less satisfactory— 
from 50 per cent to 65 per cent. As the mill is sup- 
plied exclusively by custom ore, there is an evident limit 
to the amount of silver an ore may carry and leave a 
profit to the mill, and with our schedule that limit is 
not very high. 

At the time the tidal wave of flotation flooded this 
part of the United States we were engulfed to the ex- 
tent of making numerous and extensive laboratory 
tests. These tests were satisfactory. However, the 
success attending the cyanidation of these ores coupled 
with a later discontinuance of some of the flotation ma- 
chines installed nearby, mollified our enthusiasm and 
held flotation in abeyance. It was only when much of 
the custom ore showed a continued increase in silver 
that serious attention was paid to flotation. 


Difficulties of Operation 


To accommodate these ores a flotation unit was in- 
stalled, giving us two distinct flow-sheets in the mill. 
The installation of the flotation machine was a simple 
matter, much simpler than the successful operation of 
it. Preliminary tests on the silver ore gave an extrac- 
tion ranging from 87 per cent to 90 per cent, and as 
much, or nearly as much, was expected in operation. 
For the first two weeks the new system was a very dis- 
couraging affair. It is impossible to state just what 
the extraction was during this period, for the assays 
of the discharge averaged slightly higher than those of 
the feed, erratic sampling accounting for the discrep- 
ancy. One thing certain is that on an ore concentrating 
4 into 1, not over 1000 lb. of concentrates was produced 
by flotation during this period. This concentrate was 
largely lead and zinc, with some copper and pyrite, and 
an abundance of silica. 

Then followed a distressing period of more than two 
months of alteration and variation. Ore was coming 
in at a rate sufficient to keep the entire mill in opera- 
tion. The extraction on the tables was 50 per cent, on 
the flotation machine nil. To adjust the system to yield 
a reasonable extraction and at the same time to keep 
from under the ore, imposed a feverish condition upon 
us. To begin with, those changes were made that 
seemed logical to us. Those failing, we resorted to 
guess work. 

“An oil for every ore” was a slogan that consumed a 
large amount of valuable time. Having tried all the 


1See description of cyanide practice, Met. & CHEM. ENG., July, 
1915, vol. XIII, p. 421. 
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oils from which good results were obtained in the pre- 
liminary tests with negative results, we essayed those 
oils and combinations reported to have given good ex- 
traction on these and similar ores. Improvement was 
not noticeable. Acting on the advice of a reputable flo- 
tation metallurgist we studied the effect of the se- 
quence of oils. The sequence of oils, in his personal ex- 
perience, had made the difference between success and 
failure. We followed one oii with another throughout 
the entire plant, then reversed the order. We added oi! 
at every stage of the process from the battery bin to 
the tail race. The desired results were not forthcom- 
ing. Of the oils used, mention may be made of Nos. 
75, 350, 400 and 750 of the Pensacola Tar & Turpentine 
Company, a few pine oils of local brand, refined tur- 
pentine, coal tar creosote, coal tar, coal oil, gasoline, as- 
phalt, engine oil, fuel oil and some crude oils. 

In desperation we assaulted the machine to satisfy 
the most trivial suggestions, such as to taking out the 
baffles, to increasing the submergence, to decreasing the 
flow, to putting the baffles back, to adding air from an 
external source. We varied the speed of the agitators 
from almost nothing up to the overload rate of the 
motor, giving us a peripheral speed greatly in excess of 
that generally deemed sufficient, We decreased the size 
of the agitation cells, and increased the length of the 
impellers. In short, the only changes we did not make 
were those that did not occur to us. 


Various Theories Considered 


Then we attacked the problem from the standpoint 
of modern theories of flotation, whether generally ac- 
cepted or not. Durell’s theory of occluded gas, and 
those two closely related theories, the one of interfacial 
tension, the other of electrostatics, advocates of each of 
which are to be found among the ablest men in the field 
of flotation. We put all tangible parts of these theories 
to the test, going to the absurd extreme of trying to 
induce electrification from without. 

We made an examination of the electrolyte, thinking 
it at fault, perhaps containing some vitiating soluble 
constituent of the ore. Or perhaps it lacked certain 
solutes necessary to the proper electrostatic distribu- 
tion. Although copper and ferrous iron were found in 
solution, they seemed in negligible quantities. Mr. 
Robert J. Anderson’ points out that the salts of these 
two metals are harmful to the successful flotation of 
certain ores. Nevertheless, out of curiosity and be- 
cause the system seemed to be following no established 
precedent, we increased the amounts of both salts—an 
increase could do no harm. We tried ferric salts and 
table salt, oxidizing agents and reducing agents. Yes, 
we tried acids, both organic and inorganic. Somehow 
we succeeded in “diminishing the contractile force in 
the elastic membrane constituting the film of the bub- 
ble,” yes, indeed. We had oceans of froth but no pyrite. 
With an acid electrolyte this voluminous froth carried 
a superabundance of silica. 

Following Durell’s line of reasoning, all that is neces- 
sary to rid the froth of silica is to increase the osmotic 
pressure just sufficiently to expel the occluded gas of 
the silica, yet not sufficiently to expel all the occluded 
gas of the metallic sulphides. This is done by increas- 
ing the ions of the electrolyte, i.e., by the addition of 
some easily dissociated solute, say sulphuric acid. Ac- 
cordingly, we added more sulphuric acid, starting with 
4 lb. per ton and increasing gradually to 20 lb. per ton. 
This did not succeed. 

Now if we view the conditions in the light of the 
electrostatic theory we might suspect in so far as the 
attraction is concerned that the silica and the films 


This journal, Feb. 1, 1916. 








METALLURGICAL AND CHEMICAL ENGINEERING 707 


were oppositely charged. In an acid solution this should 
not be the case, since both oil and air are supposed to 
be negatively charged at all times, and colloidal silica 
negatively charged in an acid solution. However, as 
colloidal silica reverses its polarity with respect to 
hydrogen and hydroxyl ions, and as no harm would 
result in reversing the polarity of the silica, we changed 
from acid to alkaline solution. This made a marked 
difference in the character of the froth, but an improve- 
ment in extraction was not noticeable. 


Vagaries of the Process 


These theories undoubtedly are of great assistance to 
the well posted and experienced, but to the uninitiated 
such as we are they were conducive to no better work 
than would have been a germ theory of flotation. 

We then turned our attention to consistency, trying 
every step from clear water to mud. And temperature 
was given a wide range. Told that the machine was 
overloaded, we reduced the feed gradually to 1/40 its 
rated capacity. 

Such unscientific hit-or-miss tactics ordinarily would 
visit the contempt of the metallurgical fraternity upon 
an operation. But such is the obscure and undeveloped 
state of the theory of flotation, and such the secrecy 
obtaining until recently as to working details, that only 
the few are able to examine an ore and prescribe a 
method of treatment with assurance. The history of 
flotation is a series of records of variations of condi- 
tions and alterations of plants extending over months, 
and even vears. 

Distinguished flotation metallurgists whom we con- 
sulted were not able to point with conviction to the 
critical defects in the system. All the many sugges- 
tions, and they were thankfully received, were carried 
out to the letter, yet were they barren of results. 

Eventually flotation succeeds, and success is ascribed 
to certain details of operation. Yet these same details, 
so essential in one plant, seem of no consequence in 
another. Compare, as for instance, this plant with the 
one the success of which depended upon the sequence of 
oils. These two plants were built by the same engineer, 
from the same blueprint, of the same size, operating at 
the same speed, on the same ore, with the same oils, 
same consistency, same temperature, and as nearly same 
conditions throughout as possibly could be obtained. 
In one plant careful and repeated tests seemed to show 
beyond any question that the sequence of oils was of 
vital importance, yet in this plant it hadn’t the slightest 
influence. Flotation is successful, but the reasons 
therefor are not manifest. Flotation in practice is yet 
far in advance of flotation in theory. With all due re- 
spect to the brilliant work now being done along this 
line, the question still is, “Why is flotation?” 


Steady Improvement in Results 


In the meantime the extraction was slowly improving. 
The lead and zinc minerals seemed to respond nicely 
from the beginning. The gold-bearing pyrite and the 
silver minerals were obstinate to the last. The extrac- 
tion by periods showed 50 per cent (due to tables only), 
63.3 per cent, 82 per cent and 92 per cent. However 
difficult it was to attain this last extraction, it was not 
difficult to maintain. 

During this trying period of several months the mill 
crew, especially the master mechanic, showed the keen- 
est of interest, and to their patience and perseverance 
is largely due the ultimate success of the undertaking. 

Having maintained an extraction of better than 90 
per cent by flotation of an ore yielding only 70 per cent 
by cyanidation, another problem presented itself. As 
stated before, we were cyaniding successfully some ores 
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high in gold but low in silver, and flotation was added 
merely to take care of the high-silver ores. Now, to 
maintain two systems in one mill may be cheaper than 
to maintain the two systems in two mills, but it is far 
from being less expensive than one system in one mill. 
From an economic standpoint we could sacrifice some 
extraction in one system by combining the two, or 
rather by eliminating one. This sacrifice in extraction 
depends on the difference in cost of operation and on 
the grade of the ore. The increased cost of maintaining 
both cyanidation and flotation, together with the en- 
couraging results by flotation, led to a trial by flotation 
of those ores heretofore treated by cyanidation. The 
flotation of gold ore, free-milling to a large extent, has 
not been conspicuous for its success, and considerable 
doubt was entertained as to the outcome of the test. 
It is true that preliminary tests gave surprisingly good 
results. But many obstacles still lie in the path of the 
flotation metallurgist, and we had not the same confi- 
dence in laboratory tests by flotation as we had, for 
example, in cyanide tests. However, we had a good 
working margin. 


Competitive Test by Cyanidation and Flotation 


For this test, to continue seven days if the flotation 
results were at all encouraging, 60 tons of ore daily was 
divided between cyanidation and flotation, the rest of 
the mill being hung up. As to flotation, the first day’s 
run exceeded our expectations. The second day’s run 
exceeded cyanidation. The following five days’ run, 
extraction alone considered, was one of the prettiest 
contests it has been my pleasure to witness. The varia- 
tion in daily extraction did not exceed 2 per cent, with 
a seven days’ average of 96.2 per cent for cyanidation 
against 96.5 per cent for flotation. This ore runs about 
0.80 oz. gold, 1.50 oz. silver, is largely free-milling, and 
of all the ores in the district is best suited to cyanida- 
tion. It carries about 0.20 per cent copper, which is a 
slight detriment to cyanidation but a valuable asset to 
flotation. 

Cyanidation was temporarily discontinued pending 
further mill tests by flotation. It is generally accepted 
and widely advertised that every ore requires an indi- 
vidual oil, “a particular oil for a particular ore,” and 
it was considered advisable to make a more thorough 
investigation as to the oil requisites of the different 
ores before abandoning cyanidation altogether. 


Cyanidation Abandoned 


For a month or so mill tests were made on many of 
the ores produced within a radius of 15 miles. The ex- 
traction during this period averaged 95.01 per cent, as 
a consequence of which we have abandoned cyanidation. 
Some idea of the ores treated may be had from the 
table made from some representative ores. 


Approxi 
mate 
Ratio 
of Con 
centra- 
tion 


Char 
acter 


Lot of Ore Gangue Oz. Au. Oz. Ag Remarks 


lL Pyriti Feldspathic 0.70 1.50 6:1 About 0.2 per cent 


copper 
Pyriti Quartzose 2 06 0.40 No lead, copper or 
zinc 
Pyriti« Free milling 
Chalco 
pyriti k 


Pyriti 


QJuartzose 1.16 2 00 


‘eldspathi« 


Talcose 


0.44 &.90 2.0 per cent 
0.62 4.40 s 


copper 

No lead, copper or 
zin 

About 0.2 per cent 
each of lead, 
copper, zinc 


Pyriti Feldspathi« 0.18 11.60 


During 
was used, 
Company, with a Wyoming fuel oil as carrier. 


the test on these ores only one frothing oil 
No. 400 of the Pensacola Tar & Turpentine 


Since 
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then, out of curiosity, we have tried the oils that had 
failed in the earlier tests. These oils included crude 
wood oils, pine tar oils, crude wood creosote and crude 
turpentine, furnished by the Pensacola Tar & Turpen- 
tine Company and by the United Naval Stores. 
The extraction was good in all trials, the poorest of 
which would have been considered highly satisfactory 
had it been obtained earlier in the work. I have lost 
much of the esteem I once held for “an oil for every 
am reconciled to “an oil for any ore,” and do not 
hold in contempt “any oil for any ore.” We also re- 
verted to other conditions, such as to consistency, tem- 
perature, etc. Some of the best work done was during 
a cold snap, when we had to break the ice to remove 
the froth. The consistency seemed to have no further 
effect than as to the quantity of oil consumed per ton 
of ore. 

As to why we were not successful in the beginning 
we are not able to say. Now that the oil, consistency, 
temperature and a few other conditions are out of the 
way we shall be able to locate at an early date, perhaps, 
the cause of so much disturbance. 

Conditions obtaining at the present time are: 

Ore—Pyritic, containing gold and silver and a small 
amount each of copper, lead and zinc. 

1 per cent 60, 34 per cent 


ore,” 


Screen size 200, 65 
per cent 200. 

Consistency—5 or 6 to 1. 

Temperature—Mill. 

Oil—Wood creosote, 15 per cent; Wyoming fuel, 85 
per cent; mixed and fed to the first cell at the rate of 
3 lb. per ton of ore. 

Acid—None. 

Other reagents 

Peripheral speed- 


-None. 
1200. 


Argo Mill 


Idaho Springs, Col 


Synopsis of Recent Chemical and Metallur- 
gical Literature 


Chemical Engineering 


Rapid-drying Paint. —In the Bulletin de la Sociéte 
D’'Encouragement, March-April, 1916, a report is given 
on a rapid-drying paint (Lory paint) made by the firm 
of Lorilleux Cie. The report was presented by Mr. 
ACH. LEVACHE, representing the Comité des Arts 
chimiques. As many as three coats can be given in one 
day. The rapid-drying is obtained by using, instead of 
refined linseed oil, linoxine or linseed oil solidified by 
oxidation, such as obtained in linoleum manufacture. 
This is dissolved in a small quantity of slightly acid 
amy! alcohol and then a considerable quantity of turpen- 
tine is added. When this solvent evaporates, the paint 
is completely dry, since the oil has been oxidized in ad- 
vance. 

The paint is sold in cans, already prepared, contain- 
ing the pigment, such as zinc oxide, the oil and the tur- 
pentine. In one test made with the paint, a first coat 
was put on using three quarts at 9 o’clock, followed by 
a second coat of three quarts at 12 o’clock. The first 
coat did not roll under the brush when applying the 
second coat. A third coat of one quart was given at 2 
o'clock. Other tests confirmed the above results. What 
the lasting qualities are, only time can tell, but in one 
case walls coated with the paint show no sign of de- 
terioration after five years. The price of the paint in 
normal times would be a little higher than ordinary zine 
paint, but its advantages in quick drying outweigh the 
extra cost in many cases where quick drying is desir- 
able. 
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Solubility of Naphthalene in Ammonia.—In Zeits. 
fiir Ang. Chemie, Feb. 22, 1916, SteGFRIED HILPERT 
discusses the solubility of naphthalene in water and 
liquid ammonia. Lunge in his “Steinkohlenteer” states 
that naphthalene is insoluble in water, while Dr. Franz 
Fischer (Bronn, Verfliissigtes Ammoniak als Lésungs- 
mittel, page 226) gives the solubility of naphthalene in 
pure liquid ammonia as being very slight. The experi- 
ments described by the author did not confirm these 
statements as to the solubility of naphthalene. 

Experiments were made at 0 deg. and 25 deg. C. 
Three hundred grams of ammonia water of 5, 10 and 25 
per cent strengths were agitated with 2 gr. of naphtha- 
lene for 15 hours at 25 deg. C. and then filtered. The 
determinations at 0 deg. were made in ice for 12 
hours. The naphthalene was determined by neutralizing 
the ammonia with sulphuric acid, the naphthalene sep- 
arating out, and being forced over with steam. The 
naphthalene is then dissolved in ether, a known amount 
of picric acid added, the ether distilled off, and the ex- 
cess acid titrated with standard caustic. The method 
takes only about '» hr. 

The results of the solubility tests of naphthalene are 


given in the following table. The results are given as 


grams of naphthalene soluble in 1000 gr. of solution: 
Per Cent NH Solubility 
0 25 
0 0.019 0.030 
5 0.030 0.044 
10 0.042 0.074 
25 0.064 0.162 
100 bo. 120. 


In practice the components are not so pure, conse- 
quently the addition of 2 per cent pyridine was tried, 
which raised the solubility at 0 deg. to 0.082 and at 25 
deg. to 0.245. Phenol was also tried and it was found 
to have little effect. Carbonic acid or hydrogen sulphide 
when present have a much greater effect, but a quantita- 
tive test was not made. 

Experiments were made to determine the proportions 
of naphthalene and ammonia coming over upon distill- 
ing an ammoniacal solution. The vapors showed a 
changing proportion of naphthalene to ammonia, as in 
the solutions. They are richer in naphthalene the higher 
the temperature of distillation. On the other hand the 
proportion is lower than required by the partial pres- 
sure of the naphthalene at the distillation temperature. 
In general it is advisable to keep the temperature of the 
conducting columns above 30 deg. 


Chemical Theory 


Transmutation of Chemical Elements.—Some inter- 
esting experiments on radioactivity, with a view to in- 
ducing it in other substances are described in the Zeit. 
fiir Phys. Chemie, vol. 90, page 557 (1916), vol. 89, page 
151 (1915), and Dec., 1914, by W. P. JORISSEN and J. A. 
VOLLGRAF of the University of Leiden, and abstracted 
in London Engineering, May 12, 1916. The authors 
first tried uranium oxide (U.O.), which was placed in 
a dish of Jena glass on an anode of platinum, the cathode 
of their bulb being of aluminium; currents of up to 4 
milliamperes were used, the gas pressure in the bulb 
being below 0.05 mm. There was no visible change 
apart from a colour change, the grey oxide turning 
black; the grey colour could be restored by heating the 
oxide in oxygen, and it is very probable that the U.O. 
had given off some oxygen under the cathode-ray bom- 
bardment. But the radioactivity of the oxide, as tested 
by the electroscope, was not changed, and that had been 
the chief object of the experiment. The investigators 
then took bismuth. P. Villard had observed in 1900 that 
bismuth was photographically active after bombard- 
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ment; he did not state, however, whether there had not 
been any activity before the bombardment, and Joris- 
sen and Ringer had not been able to confirm his observa- 
tion in 1907. For the new experiments they placed the 
powdered bismuth again in a glass dish; the glass broke, 
however, and the bismuth fused, evaporated, and formed 
a bismuth mirror on the wall of the bulb. The glass 
was then replaced by quartz. The treatment did 
render the bismuth at all radioactive, nor did the metal 
act on a photographic plate, as Villard had stated. The 
chemical analysis by Schoorl showed that the original 
bismuth had not contained any thallium; traces of cal- 
cium and also of potassium and sodium were, however, 
found in the bismuth mirrors, and these metals were 
probably due to a contamination by the glass of the 
bulb. These chemical analyses were supplemented by 
spectroscopic tests, and then a trace of thallium was 
discovered in the untreated bismuth; the thallium lines 
were faint, however, and were not any stronger in the 
treated metal than in the untreated metal. The presence 
of these traces of thallium is not surprising. Herapath 
proved in 1863 that thallium is a frequent companion of 
bismuth, and this was confirmed by Sir W. Crookes, the 
discoverer of thallium. The reasons for the search for 
thallium is that the atomic weight of bismuth is 208 and 
that of thallium 204; the two atomic weights thus differ 
by 4, which is the atomic weight of helium. The idea 
was that the cathode-ray bombardment might expel an 
a ray (a helium atom) from the bismuth. It may be 
objected, however, that the treatment only lasted a few 
periods of four hours or less. Radioactive phenomena, 
it is known, are not affected by the ordinary changes in 
temperature, pressure, etc., producible in the laboratory ; 
extraordinary violence might have effects. It might also 
be mentioned that the atomic weight of bismuth was 
some years ago supposed to be 208.5, and that some 
chemists again favor this value, while the international 
tables give the weight as 208.0. 


not 


Copper 


Allotropy of Copper.—In the Journal of the Wash- 
ington Academy of Sciences, Dec. 19, 1915, Messrs. G. K. 
BURGESS and I. N. KELLBERG give the results of some 
experiments made at the Bureau of Standards on the 
allotropy of copper. According to the work of Prof. E. 
Cohen (see this journal, Sept. 1, 1915, p. 536) copper 
has a transition point between 69.2 deg. C. and 71.7 deg. 
Cc. under varying conditions of fineness and previous 
contact with an electrolyte. The authors made a series 
of experiments by an electric resistance method, in the 
range 0 to 100 deg. C. The results were negative, i. e., 
they failed to find any transition points in this range. 

The copper used was in the form of hard drawn wire 
0.005 cm. diameter by 35 cm. long, wound, together with 
a platinum wire of 0.015 cm. diameter, on a mica 
frame and inclosed in a glass tube. This was immersed 
in a completely waterjacketed and electrically controlled 
calorimeter, the temperature of which could be made to 
vary uniformly between 0 and 95 deg. C. 

Three methods of measurement were used, as shown 
in the illustration. 

1. The resistance of the Pt and Cu coils was meas- 
ured differentially, and simultaneous observations of 
temperature were taken with a mercury thermometer. 

2. Using the same coils, a commutator was inserted 
which permitted taking alternate readings of Pt resist- 
ance, which then served as a thermometer, and of the 
Pt-Cu resistance difference. 


3. The Pt and Cu resistances were measured sepa- 
rately with a common lead and a common battery lead 
and the times taken to 0.1 second on a chronograph. The 
thermometer leads were of gold for the third series and 
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of copper for the other two. When examined micro- 
scopically the copper showed only a small quantity of 
cuprous oxide inclusions. 

The results of the measurements showed that the re- 
sistance of the copper varied continuously from 0 to 100 
deg. C., and that it was probably not in a metastable 
state. 

Coke 

The Sulphur Content of Coke.—In a paper pre- 
sented at the New York meeting of the American Insti- 
tute of Mining Engineers, February, 1916, Mr. J. R. 
CAMPBELL describes the effect of aeration and quench- 
ing on the sulphur content of coke. Sulphur is known 
to exist in coal as sulphides, sulphates, and as organic 
sulphur. For most coking coals the greater part of the 
sulphur can be safely assumed to be in the form of 
pyrite FeS,. When exposed to the low temperatures in 
the coking process one or both of the following reactions 
take place: 

7 FeS, 

FeS 

The first equation gives the magnetic pyrrhotite and sul- 

phur, while the second, which is the more commonly ac- 
cepted one, gives straight iron sulphide and sulphur. 

In the beehive method, air is introduced in sufficient 
amounts to carry on the distilling and coking proc- 
esses, and the sulphur is oxidized, along with the other 
volatile products. For coals of about 30 per cent vola- 
tile matter the ratio of air to gas is 3'» to 1, so that 
a low grade producer gas issues from the trunnel head. 
The sulphur remaining in the coking mass as iron sul- 
phide cannot in any way be affected by the aeration or 
draft on the oven. The old saying common among bee- 
hive oven operators, “the hotter the oven the more sul- 
phur burned out” probably never was true unless aera- 
tion was carried to complete combustion of not only the 
gases but the fixed carbon itself, in which case the iron 
sulphide would be oxidized to Fe.O.. This would give an 
abnormally low yield of coke. As far as pyritic sulphur 
is concerned no amount of superaeration will produce 
increased elimination of sulphur at the low tempera- 
tures of distillation. If coking proceeds too quickly or 
if the heat is irregular, the desulphurization is apt to 
be less complete, due to the formation of compounds on 
which heat has no effect. 

In the by-product oven no air is supplied and as good 
an elimination of the sulphur is obtained. This shows 
the fallacy of superaerating beehive ovens. Sulphur ex- 
isting in sulphates and as organic sulphur is likewise 
not affected by aeration. 

Quenching should theoretically remove considerable 
sulphur, but it has been the author’s experience that 
very little was removed in this manner. According to 
the equation FeS + H,O = FeO + HS, sulphur should 
be eliminated, and the odor of H,S is noticed, but the 
coke mass cools very quickly, and its structure prevents 
the rapid penetration of the water, and as the tempera- 
ture is lowered the reaction slows up. Quenching is 
essentially a cooling process. 

Hydrochloric acid, when added to the water, greatly 
facilitates the removal of sulphur, as it readily attacks 
iron sulphide. This is a fact not generally known. The 
cost has usually prohibited this method, but with the 
low-sulphur coking coals disappearing this method may 
become important. 


FeS,.+6S8S 
FeS +S 





The C. W. Hunt Company, Inc., West New Brighton, 
N. Y., has issued a new valve catalog No. 15-3. This 
catalog contains illustrations and descriptions of its 
standard types of gates and valves for controlling the 
flow of bulk materials, such as coal, ashes, coke, ore, 
stone, sand, gravel, etc. 
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Recent Chemical and Metallurgical Patents 


Electric Furnaces 


Electric Furnace for Making Graphite.—An electric 
graphite furnace which is designed to effect heat savings 
by preheating the coke charge is patented by JOHN W. 
Brown, of Lakewood, Ohio, and assigned to the National 
Carbon Co., of Cleveland, Ohio. The furnace is a con- 
tinuous one, the coke charge being fed into the top 
by a screw conveyor and removed at the bottom by the 
same means. One form of the furnace is shown in 
Fig. 1. 

The furnace walls are made so as to contain a hollow 
space, 7, connecting with the charge, at the top of the 




























































































FIG. 1—GRAPHITE FURNACE 

furnace. Air or an inert gas is led into the hollow 
space at the bottom, and is heated by the finished 
charge which it cools. The gas then goes to the top of 
the furnace, where it preheats the charge, and emerges 
in a practically cool state. If air is used, a part of the 
charge will burn, thereby heating it up considerably, 
but not enough to graphitize it. The central zone, 3, 
of the furnace is made of carbon and is connected to 
electrodes, 6, which furnish the heat necessary to 
graphitize the carbon. The bottom electrode is shown 
at 5. The carbon and the coke at the central zone 
together form the resistor. Several different ways of 
preheating the charge are mentioned, as follows: By 
the combustion of a part of the charge itself, by inert 
gases, by gases passed both through the charge and the 
walls, by burning hot gases in the upper part of the 
furnace, and by combinations of these methods. A 
space just below the central heating zone is provided 
in which volatile matter can condense, and it is removed 
through an opening in the side of the furnace from time 
to time. (1,177,680, Apr. 4, 1916.) 


Electric Heat-Treating Furnace.—An electrical re- 
sistance furnace for heat treating is patented by T. F. 
BAILEY and F. T. Copr, of Alliance, Ohio, and assigned 
to The Electric Furnace Company of Alliance, Ohio. In 
this furnace the heat from granular carbon resistance 
elements is reflected from an arched roof down onto the 
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FIG. 2—ELECTRIC HEAT-TREATMENT FURNACE 


hearth which contains the material to be heated. A 
cross-section of the furnace is shown in Fig. 2. The 
outer casing is of metal and the inner furnace structure 
is of brick. Extending the length of the furnace and 
on each side of the middle space, 23, are troughs, 12, 
containing granular coke or charcoal. Electrodes, 14, 
are placed at each end of these resistance elements. The 
heat from the carbon rises and strikes the arched roof, 
from which it is reflected down onto the hearth. In- 
clined walls, 16, are also located below the resistance 
elements in order to reflect the heat which is radiated 
downward back to the hearth. (1,176,018, Mar. 21, 
1916.) 


Roasting or Sintering Apparatus Using Electric 
Heating.—A continuous apparatus for roasting or sin- 
tering ores working on the down-draft principle and 
with “electric firing” is patented by WILLIAM H. HAmp- 
TON, of New York City (assigned to the Conley Elec- 
tric Furnace Company, Inc., of Wilmington, Del.) The 
ore or ore mixture is fed from bins into an endless 
chain conveyor composed of box or trough-like sections 
hinged together and perforated at the bottom. The ore 
is then transported along a straight or curved path to 
a point of discharge. During their course the sections 
pass over a suction arrangement, which consists of a 
compartment beneath the conveyor, connected to a suc- 
tion pump. The top of the compartment is perforated. 
Above this compartment and above the conveyor is a 
heating compartment containing electrical resistances. 
Air passes into this heating compartment, is heated and 
then passes down through the ore by the suction which 
causes the down-draft. The heating resistances are 
made of 60 per cent clay and 40 per cent carbon. If 
the ore contains sufficient combustible material to need 
only initial ignition, thereafter burning itself, it can 
easily be treated by this method. The air necessary to 
continue the combustion can be supplied from an adja- 
cent compartment either as cold or hot air. If the 
operation is not to be a sintering one, agitation may 
be used. It is claimed that ores with less sulphur con- 
tent than ordinarily used can be roasted and sintered, 
and that in cases where fuel is needed, less will be used 
with this process. (1,171,117, Feb. 8, 1916.) 


Nitric Acid from Air 


Nitrogen Fixation Process.—A boiler having a nitro- 
gen fixation furnace placed inside and integral with it, 
in order to utilize the excess heat either in the genera- 
tion of steam, or in the evaporation of solutions, is pat- 
ented by HANS SCHEFTLEIN, of Christiania, Norway 
(assigned to Norsk Hydroelektrisk Kvaelstofaktiesel- 
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skab, of Christiania, Norway). This apparatus is 
claimed to avoid the drawbacks of previous systems for 
utilizing the heat of the gases issuing from nitrogen 
turnaces. In some of these systems the gases have 
been conducted through boiler plants, but the large cost 
of installation and the relatively large space required, 
as well as the losses of heat caused by the passage of the 
gases through pipes or channels have reduced the effi- 
ciency of these systems considerably. In the present 
process it is proposed to place several nitrogen furnaces 
(Schoenherr type) in separate flues in a vertical boiler, 
so that the nitrogen furnace replaces the firebox. 
1,180,545, April 25, 1916.) 


Ozone 


Treating Oils, Greases and Fats with Ozone.—An 
apparatus for treating oils, or liquefied greases and fats 
with nascent ozone is patented by ALBERT BREYDEL, of 
Brussels, Belgium. The apparatus consists of a rec- 
tangular vessel, holding the oil, or other liquid to be 
treated. At the bottom of the vessel an electrode is 
held between two dielectric plates. A short distance 
above it is placed another electrode made of hollow ma- 
terial, not subject to attack by ozone, and containing 
small perforations. Air or oxygen is forced through 
this upper electrode, and, passing through the perfora- 
tions, ozone is formed at the surface of the upper elec- 
trode. This system is claimed to give a good circulation 
and to work at any temperature without a cooling medi- 
um being required. (1,180,372, April 25, 1916.) 


Zinc and Lead 


Process of Briquetting Zinc Ores and Waste Prod- 
ucts.—The preparation of finely divided zinc ores, 
zine dust, ash, trimmings and other forms of waste ma- 
terial containing zinc, for treatment in electric or retort 
furnaces, is patented by OTTO KIPPE, of Osnabriick, Ger 
many. The materials mentioned are briquetted with 
from 1, to 2 per cent of a soluble salt, such as the 
chloride or sulphate of magnesium, calcium, iron or zinc. 
The briquets thus formed are coherent and hard, and 
are ready for smelting ina short time. (1,168,401, Jan. 
18, 1916.) 


A special form of briquet for zinc ores, particu- 
larly suited to retort distillation, is patented by OTTO 
BALTIN, of Lipine, Germany. The ore and reducing 
agent are formed into egg-shaped briquets which are so 
small that the sum of their exposed surface is many 
times that of the receptacle used in distillation. When 
charged into a retort these briquets have only one 
point of contact with each other, and expose practically 
their entire surface to the direction action of heat. 
Ample space is left between them for the easy escape of 
zine vapors. (1,166,170, Dec. 28, 1916.) 

Treatment of Zinc Ore in Electric Furnaces.—A 
difficulty encountered in treating an ore charge in an 
electric furnace is the formation of crusts of slag or 
other material in the proximity of the tap-hole. In order 
to obviate this trouble, EDWARD S. BERGLUND, of Troll- 
hittan, Sweden, proposes to add to the furnace at in- 
tervals certain easily fusible materials that will combine 
with the melt and stiff crusts. Thus in the case of zinc 
ore he adds 200 kg. of fluorspar to a charge of 1000 kg. 
of ore and carbon, mixing them intimately before charg- 
ing; or he may add such fluxes as fluorspar, lime and 
old slag just before the furnace is tapped, introducing 
the substances in proximity to the tap-hole. (1,160,244, 
Nov. 16, 1915.) 


Refining Leady Matte.—The customary manner of 
handling leady matte is to blow off the lead and other 
volatile impurities in a converter and catch the volatile 
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products in a bag-house. This method entails further 
treatment of the bag-house product for recovery of 
lead. According to a patent granted to N. V. HyYBI- 
NETTE of Christiania, Norway, a simpler process can 
be devised, yielding metallic lead and copper from the 
matte, the lead containing also the precious metals. 
The process is illustrated diagrammatically in Fig. 3. 








FIG. 3—REFINING LEADY MATTE 

The molten matte is treated on the counter-current 
principle with copper produced in a converter, the effect 
of the pure copper being to separate a bottom of 
metallic lead from the matte. The latter successively 
loses its content of lead and takes up the equivalent 
amount of copper from the bottom. Thus in Fig. 3 
the matte follows the direction indicated by the arrows 
x and y, and the refined material in the reverse direc- 
tion as indicated by arrows n and m. Lead is with- 
drawn at the point where fresh leady matte enters the 
system and refined matte leaves at the opposite end 
for converting and the return of a part of the copper. 
(1,175,266, March 14, 1916.) 


Miscellaneous and Rare Metals 


Separation of Cobalt from Ores.—A method of re- 
covering cobalt from ores and materials containing a 
large quantity of arsenic is patented by PHILIP M. Mc- 
KENNA, of Washington, D.C. The raw material is first 
smelted to produce a speiss containing cobalt, nickel, etc. 
A typical speiss may contain 22.4 per cent Co, 13.9 per 
cent Ni, 10.6 per cent Fe, 45 per cent As, 3.6 per cent 
Sb. The speiss is then ground to 60-mesh and roasted 
in a furnace with alternately oxidizing and reducing 
atmospheres, at a temperature low enough to prevent 
agglomeration. Arsenic will be reduced to from 8 to 23 
per cent. The next step consists in fusing the roasted 
speiss with boron trioxide, whereupon the cobalt com- 
bines with the boron in much greater percentage than 
does nickel, with the result that a gravity separation of 
the molten nickel arsenide speiss and boric cobalt slag 
can be effected. The boric mass is then treated in a 
separate furnace to expel traces of arsenic or antimony, 
after which it is charged into an electric furnace with 
carbon. Cobalt, with some iron, is reduced and forms 
the finished product. If iron is undesirable the speiss 
should be freed from that element by melting with 
silica before roasting. (1,166,067, Dec. 28, 1915.) 

Tungsten for Catalytic Ammonia.—A process of 
producing amorphous tungsten suitable for use as a 
catalyzer in the synthetic production of ammonia is dis- 
closed in a patent granted to CARL BoscH and ALWIN 
MITTASCH of Ludwigshafen-on-the-Rhine, Germany. 
The patent is assigned to the Badische Anilin & Soda 
Fabrik of the same place. The method consists in re- 
ducing tungstic acid or ammonium tungstate with 
hydrogen at a temperature not exceeding 600 deg. C. 
and under a pressure of not less than 10 atmospheres. 
A modified procedure consists in treating similar mate- 
rial directly in the contact tube with nitrogen and 
hydrogen at the same temperature and pressure. In the 
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latter method the tungstic acid is first reduced to metal 
or a nitride, whereupon the formation of ammonia com- 
mences and continues. In two examples cited in the 
specifications the temperature ranges from 550 to 600 
deg. and the pressure from 80 to 150 atmospheres. 
(1,175,693, March 14, 1916.) 

The separation of thallium and other radioactive 
metals from lead ores, and the production of a white- 
lead pigment is patented by JAMES B. HANNAY of Ham- 
burg, Germany. If galena is rapidly vaporized in an 
atmosphere of hot reducing gases, such as carbon dioxide 
and nitrogen, and the vapor is oxidized by the addition 
of a large excess of air as near as possible to the outlet 
of the furnace, and if the fumes be allowed to cool com- 
paratively slowly, the salts of thallium and the radio- 
active metals form a mixture with the lead sulphate 
having a lower melting point than lead sulphate. As a 
consequence they remain longer in the liquid state and 
tend to coalesce in large drops that fall in the first col- 
lecting chambers, while lead sulphate is carried farther. 
The volatilization of the deposited fumes may be re- 
peated to obtain a further concentration of thallium and 
the other metals. (1,175,146, March 14, 1916.) 


Flotation Oils* 


BY 0. C. RALSTON 

The sudden development of the art of flotation has 
brought about peculiar conditions in the oil market. A 
few vears ago there was considerable expansion in the 
wood-distilling industry throughout the South on the 
hope of selling turpentine at not less than 50 cents 
per gallon. This hope was never realized and the in- 
dustry became demoralized owing to excessive produc- 
tion and the efforts of some plants to keep going even 
at a loss. Pine oil, which previously has had little sale, 
is a by-product from this industry and has been found 
one of the best of oils for flotation purposes. At the 
time of the introduction of the flotation process into the 
country a stock of pine oil that had accumulated was for 
sale at an attractive figure. 

This supply of pine oil and its derivatives has been 
largely exhausted and we are having to depend upon 
current production for the present supply. Hence the 
price has soared, and some of the pine oil on the mar- 
ket has been adulterated. Pine oil is also proving to 
be a valuable antiseptic and it is doubtful whether it 
will ever again be sold cheaply. Furthermore, turpen- 
tine is now about 50 cents per gallon and the fractiona- 
tion of the wood distillate is being made in favor of a 
high yield of turpentine. 

During 1915 the principal investigation in connection 
with the flotation oils was conducted for the purpose of 
finding a substitute for pine oil now costly. Most of 
the wood creosotes have proved acceptable and are now 
being sold at lower prices than the pine oils. How 
long this condition will continue is a matter of con- 
jecture. The creosotes have proved to be good pre- 
servatives of wood, especially of railroad ties. However 
coal creosotes excell wood creosotes for preserving tim- 
ber, so that flotation will probably cause most of the 
wood creosote to be diverted from timber preservation. 
Further, the starting of many large flotation mills dur- 
ing the coming year, and the enlargement of many that 
have been operating in an experimental way, may cre- 
ate such a demand for wood creosote that the cost of 
this oil may equal that of pine oil. 

In view of such a possibility, considerable work has 
been done to determine whether coal tar and coal tar 
creosote could not be successfully used as flotation oils. 


*A statement issued by the Department of the Interior, Bureau 
of Mines (Van H. Manning, Director) 
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In many instances it was possible to do so only after 
adding a small amount of one of the true wood oils. 
There is some difficulty in getting the thick heavy coal 
tar to mix well with the pulp, so that it is not the mos: 
desirable medium, and for that reason the coal creosotes 
have met with more favor. Consequently, most of the 
gas plants throughout the country have been able to 
contract for their output of creosote for some time to 
come. A similar condition prevails with regard to most 
of the wood oils. There has been somewhat of a rush 
in the mining industry for contracts for these products 
in order that proposed mills will be assured of being 
able to operate. When Germany gets into the coal 
creosote market again there will doubtless be 
prices for that particular product. 

The petroleum men have not been slow to seek the 
flotation oil market, but their products have not as yet 
met with much success when used alone. 


lower 


It is possible 
to mix small amounts of pine oil or creosote with vari- 
ous petroleum products such as stove oil and to obtain 
flotation with some degree of success, but the general 
tendency of petroleum products is to float both gangue 
and mineral non-selectively. The petroleum products 
that have met with the most success are some of the 
crude oils, such as Texas crude, and especially certain 
high-sulphur crude petroleums, obtainable in Kansas 
and in California. “Stove oil’ has met with some suc- 
cess in the copper-concentrating mills, as copper min- 
erals do not have to be concentrated to the same degree 
of purity as do the lead and zinc minerals. It is prob- 
able that, for the wood oils, the copper mills will be able 
to use cheaper substitutes, such as petroleum products, 
than will the mills treating baser metals. 

One other product that nas met success has been the 
“kerosene acid sludge’ from certain of the petroleum 
refineries. This material is the resultant of the removal 
of certain impurities with sulphuric acid and often con- 
sists of as much as 50 per cent sulphuric acid. Not all 
of the acid sludge products have proven suitable, only 
the California sludge being sold at present. 

Just how far all this substitution will be successful 
is not known and there is no way to predict. The test 
work of the coming year should go far toward solving 
this problem. 


PRODUCERS OF OILS MORE OR LESS ADAPTED TO FLOTATION 


Following is a list of dealers in different oils who 
have placed on the market various products. A host 
of these dealers are prepared to supply these products 
at any time, and of fairly uniform quality. None of 
them has been able to exactly duplicate their carload 
shipments, so that the general practice is to test each 
shipment of oil in a laboratory testing device to deter- 
mine the proper method of using a given shipment of 
oil. This non-uniformity of shipments will doubtless 
vanish when the market becomes steady. 

Wood Oils 
Pine oils, rosin 
turpentines, etc.: 
1. Pensacola Tar & Turpentine Co., Gull Point, Flgq. 
2. General Naval Stores Co., New York. 
3. Georgia Pine & Turpentine Co., 158 Perry Street, 
New York. 
4. Central Distilling Co., Helena, Ark. 
5. United Naval Stores Co., Helena, N. Y. 
6. American Tar & Turpentine Co., New Orleans, La. 
7. Cleveland Cliffs Iron Co., Cleveland, Ohio. 
8. Chesapeake Tar & Rosin Co., Baltimore, Md. 
9. Custer City Chemical Co., Custer City, Pa. 
10. Yaryan Naval Stores Co., Brunswick, Ga. 
11. Hussay & O’Connel, Savannah, Ga. 
Florida Wood Products Co., Jacksonville, Fla. 


oils, wood creosotes, tar oils, 
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13. Oregon Wood Distilling Co., Portland, Ore. 
14. National Wood Products Co., Wilmington, N. C. 
15. Chapman Manufacturing Co., Savannah, Ga. 
16. Spiritine Chemical Co., Wilmington, N. C. 
Eucalyptus oil: 
17. Atkins, Kroll & Co., San Francisco, Cal. 
And other importers. 


Coal Tar, Coal Creosotes, and Aromatic Hydrocarbons 
1. The Barrett Co., New York. 
2. F. J. Lewis Manufacturing Co., Chicago, III. 
3. American Creosoting Co., New Orleans, La. 
4. American Tar Products Co., Chicago, Ill., and St. 
Louis, Mo. 
5. Republic Creosoting Co., Indianapolis, Ind., and Min- 
neapolis, Minn. 
6. American Coal Refining Co., Denver, Col. 
7. Numerous municipal and similar coal-gas plants. 
8. Numerous by-product coke ovens, such as: 
Pennsylvania Steel Co., Steelton, Pa. 
National Tube Co., Penwood, W. Va. 
Milwaukee Coke & Gas Co., Milwaukee, Wis. 
Pennsylvania Steel Co., Lebanon, Pa. 
Solvay Process Co., Syracuse, N. Y. 
By-Products Coke Corporation, South Chicago, III. 
Semet-Solvay Co., Detroit, Mich. 
Central Iron & Coal Co., Tuscaloosa, Ala. 
New England Gas & Coke Co., Everett, Mass. 
Illinois Steel Co., Joliet, Ill. 
Maryland Steel Co., Sparrows Point, Md. 
Vegetable Oils 
1. Cottonseed oil, etc. 
New York. 
2. Corn oil—Corn Products Company, New York. 
3. Palm oil—Peter van Schaack & Co., Chicago, Ill. 
Animal Oils (Fatty Acids) 
1. Oleic acid—Peter van Schaack & Co., Chicago, Ill. 
2. Oil flotation grease emulsion—Mohawk Refining Co., 
Cleveland, Ohio. 


Southern Cottonseed Oil Co., 


Pe trole um Products { C) ude . Asphaltum Base ) 

1. California crude—Union Oil Co., Santa Paula, Cal. 
Association Oil Co., Los Angeles, Cal. 
Standard Oil Co., Richmond, Cal. 

2. Road Oil No. 80—Harris Oil Co., Los Angeles, Cal. 

Reconstructed Petroleum Oils 

1. Special mineral separator—Continental Oil Co., Salt 
Lake City, Utah. 

2. Solulene and minolene 
Lake City, Utah. 

Refined Petroleum Products 

Standard Oil Co., San Francisco, Cal. 


Star Lubricating Co., Salt 


1. Stove oil 


2. Stanolind, etc.—Continental Oil Co., Salt Lake City, 
Utah. 

3. Flotation oils—Utah Oil Refining Co., Salt Lake City, 
Utah. 


4. Heavy mineral flotation oils—Geo. P. Jones & Co., St. 
Louis, Mo. 

5. Refinery acid sludge—Any refinery. 

6. Lubricating oils—Any company. 





Special Mixtures of Mineral and Wood Oils 
Calol oils—Standard Oil Co., Richmond, Cal. 
Mine & Smelter Supply Co., Denver, Col. 
Hendrie & Bolthoff Manufacturing & Supply Co., 

Denver, Col. 

Costs of Flotation Oils 

The costs of flotation oils have varied so much, owing 
to the unsettled market, that it is almost impossible to 
give an idea of what they should cost. For a rough 
estimate it is possible to say that crude petroleum will 
cost the same as for other purposes. Many of the 
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dent of the International Nickel Company, representa- 
tives of the Société de l’Air Liquide of France, and 
Walter W. Birge of St. Louis, who is the present active 
head of the company. 

Mr. Birge says that the company will concentrate its 
efforts first on oxygen, which is a big field, especially 
in oxy-acetylene use. The company has engineers in 
Europe investigating the calcium carbide situation 
with a view to manufacturing this commodity, prob- 
ably in Europe, for making acetylene for use in the 
oxy-acetylene burner for welding and cutting. The 
company may also make compressed acetylene, if they 
take up the carbide manufacture. 

Another important field which the company will 
enter, after having the oxygen business thoroughly 
organized, is the production of nitrogen, cyanamid, 
ammonia nitrates and nitric acid. Two or three pro- 
cesses for making nitric acid are being tried out at 
the present time and the experiments are well under 
way. The South is a big field for fertilizer and the 
company expects to establish nitrate manufacture in 
the South either by one central plant or several dis- 
tributed plants. 

It is expected that the capital stock will shortly be 
considerably increased. 


A New Foundry Equipment Firm 

Leyshon & Lane, Inc., has recently been organized 
to take over the oven and special foundry equipment 
business which has grown out of Mr. H. M. Lane’s 
foundry research work. 

The H. M. Lane Company was organized several years 
ago to do foundry consulting engineering work, to de- 
sign new foundries, or to plan improvements for old 
foundries. It was not the intention that this company 
should become a contracting or manufacturing organi- 
zation, but in connection with the betterment work car- 
ried on in foundries, various devices were required 
and special equipment needed which could not be ob- 
tained on the market. Some of these have been taken 
over by regular manufacturers, and some of them were 
patented by H. M. Lane, particularly the forced draft 
core and mold oven system. 

One installation has sold another until a considerable 
business has grown out of this line, and recognizing the 
field, Leyshon & Lane, Inc., has been organized to con- 
tract for complete foundry installations, to install melt- 
ing furnaces, annealing ovens, core ovens, mold ovens 
and handling appliances. Mr. T. A. Leyshon, who has 
been associated with Mr. H. M. Lane for several years, 
is president of the new organization; and Mr. C. T. 
Holcroft, who has been in the furnace building business 
for many years, first in the Chester, Pa., district, next 
in the Pittsburgh district, and later in Detroit, is 
treasurer. The new company has made arrangements 
for a portion of Mr. Lane’s time so that he can act as 
consulting engineer on any problems they may have. 

The H. M. Lane Company will continue as a consult- 
ing organization under the personal charge of Mr. H. M. 
Lane. The organization of the new company will free 
Mr. Lane of direct responsibility for the oven business 
and give him more time for consulting practice. 


Personal 
Mr. L. G. E. Bignell, formerly sales manager for the 
Denver Engineering Works and for the past three years 
engineer for the Mine & Smelter Supply Company at 
El Paso, has accepted a position with the Colorado Iron 
Works at Denver as sales engineer, and assumed his 
new duties June 1. 





Dr. Charles Blanc, expert organic chemist, has be- 
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come connected with Messrs. Moses, Pope & Messer of 
366 Fifth Avenue, New York City, in the capacity of a 
consulting chemist. 


Mr. N. C. Harrison, formerly steam engineer at the 
Pittsburgh Crucible Steel Company, has been made gen- 
eral superintendent of the Atlantic Steel Company, At- 
lanta, Ga. 

Mr. Weston B. Lazear has recently assumed charge 
of the New York office of the Stephens-Adamson Com- 
pany. Mr. Lazear has devoted the past seven years to 
the design of “S-A”’ conveying, elevating, screening and 
transmission machinery. Various stages of his experi- 
ence cover a period as draftsman, then chief draftsman, 
and later sales engineer. In the latter capacity he has 
been associated with the New York office for the past 
year. 

Mr. S. Naganuma has opened an office in the Equit- 
able Building, 120 Broadway, New York, as representa- 
tive of Mitsubishi Goshi Karsha, mining and shipping 
firm of Japan. 

Dr. J. F. Norris, of the department of chemistry at 
Vanderbilt University, has accepted an offer from the 
Massachusetts Institute of Technology to take charge of 
research work and applied chemistry with fifth-year 
students in the new chemical engineering course which 
starts next fall. Dr. Norris fermerly taught for five 
years at the Institute. He was recently appointed by 
Secretary of the Navy Daniels as one of the members 
of the Tennessee State Board of Industrial Organization 
for Preparedness. 

Mr. Stanley H. Rose, until recently in charge of the 
New York office of the Bureau of Foreign and Domestic 
Commerce of the Department of Commerce, has been 
engaged by the Barber Asphalt Paving Company to 
direct its foreign trade department. Prior to his ap- 
pointment as commercial agent of the bureau Mr. Rose 
had had an extensive business experience in the larger 
part of Europe, Australia, New Zealand, India and 
Egypt, and has also held important posts with American 
and European firms engaged in foreign trade. He is 
considered an expert in foreign tariffs, trade regula- 
tions and shipping. As special agent of the Bureau of 
Foreign and Domestic Commerce, Mr. Rose has just 
completed a tour of more than fifty cities of the Middle 
West, South and Southwest, acquainting manufacturers 
with foreign trade opportunities and advising commer- 
cial organizations as to the best methods of promoting 
export trade. Mr. Rose was educated in London, Berlin, 
Paris and Brussels, and speaks most of the modern 
languages. 

Mr. Lyon Smith, formerly metallurgist of the Pitts- 
burgh-Silver Peak Gold Mining Company, has been 
appointed metallurgist for the Snyder Electric Furnace 
Company of Chicago. 

Mr. G. H. Stephens, until recently vice-president 
and Eastern manager of Stephens-Adamson Manufac- 
turing Company, has retired from active business on 
account of ill health. Mr. Stephens has been prominent 
in the conveying industry for twenty-five years, and has 
enjoyed a wide acquaintance among machinery users 
of the East. 





Obituary 


John Edson Sweet, president of the Straight Line 
Engine Company, Syracuse, N. Y., and for several 
years professor of mechanical engineering at Cornell 
University, died at his home in Syracuse, on May 8. He 
was best known as a founder of The American Society 
of Mechanical Engineers and designer of straight line 
engines. He was born in Pompey, N. Y. on October 21, 
1832, and received most of his early education in the 
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district schools. Up until 1872 he worked in various 
mechanical lines, mostly in railroad shopwork and 
draughting. He also spent some time in England and 
France, and in 1871 and 1872 designed his first straight 
line engine. In 1873 he took up teaching work at Cor- 
nell, which he continued until 1879. He was instru- 
mental in organizing the American Society of Mechan- 
ical Engineers in 1880, of which he was president in 
1883-4. He was the recipient of the John Fritz medal 
in 1914 (see our vol. XIII, p. 75) and in 1914 received 
the degree of Doctor of Engineering from Syracuse 
University. He was also a member of the Advisory 
Board of the New York State Branch, National Society 
for the Promotion of Industrial Education. 

Mr. George M. Kendall, for a number of years man- 
ager of the New York office of the Pfaudler Company 
and widely known among the chemical and pharmaceut- 
ical trades, died on Monday, May 22, at the home of his 
father in Ludlow, Vt. Mr. Kendall had suffered for 
more than a year from a complication of diseases, which 
caused his death, and his inability to engage actively 
in the service of the firm with which he had so long 
been connected was a sore trial to him. He was an 
exceptionally energetic and aggressive worker, firm in 
his convictions, and guided in all his dealings by a 
strict “New England conscience.” Even while confined 
to his bed, he continued to keep in touch with his office, 
and to inject his forceful personality into its activities. 


Industrial Notes 

New Evaporating Plant.—The new evaporating 
plant installed by the Penobscot Chemical Fibre Com- 
pany at Great Works, Me., has been working very sat- 
isfactorily. The builders of this apparatus advise that 
it contains improvements in the methods of handling 
caustic soda from electrolytic cells and has been de- 
signed for the special purpose of operating in conjunc- 
tion with the Larchar cell. The Swenson Evaporator 
Company built and installed these evaporators, and 
after successfully operating same secured a contract 
for a new large quadruple effect for the soda recovery 
system. 

The Hoskins Manufacturing Company, Detroit, 
Mich., due to the increasing demand for Hoskins electric 
furnaces, pyrometers, hot plates, and chromel resistor 
material, has opened a branch office in Boston at 613 
Equity Building, 185 Devonshire Street, in charge of 
Mr. J. E. Hines. This is the third branch office the 
Hoskins company has opened in the East. Other 
branches are being maintained at 3709 Grand Central 
Terminal, New York, in charge of F. L. Zimmerman; 
1404 Oliver Building, Pittsburgh, in charge of W. C. 
Tharp, and 1610 Otis Building, Chicago, in charge of 
C. F. Busse. 


Balances.—The various American makers of assay 
balances have developed their methods of manufacture 
to the point that their product for the exacting condi- 
tions of use in the assay office far excels that of Euro- 
pean makers, who are less familiar with the special 


requirements of the assayer. As illustrating, in one 
case, the careful work done, the G. P. Keller Manufac- 
turing Company of Salt Lake City exhibited a set of 
standard assay weights at the Panama-Pacific Interna- 
tional Exposition which the Bureau of Standards certi- 
fied to as follows: 

Weight 


Weight Correction Correction 


500 me 0.001 me 10 mg 0.001 mg 
200 me 0.000 me. 1d meg 0.001 mg 
100 me 0.003 me 5me 0.000 me 
100 me 0.000 me 2me 0.000 mg 
50 me 0.002 mg 2me 0.002 mg 
20 meg 0.001 mg 1 meg 0.001 mg 
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Reduced Production of Turpentine and Rosin.—The 
preliminary statement issued by the United States 
Bureau of the Census of the 1914 census of manufac- 
tures with reference to the turpentine and rosin indus- 
try in this country shows that the production during 
1914 was considerably less than during 1909, according 
to Commerce Reports. Reports were received from 
1392 turpentine distilleries. Their total output was 
valued at $20,968,684 and consisted of 26,980,981 gal. 
of spirits of turpentine, valued at $10,510,407; 2,885,- 
O77 barrels of rosin, valued at $10,332,700, and dross, 
valued at $125,577. The census of 1909 gave reports 
from 1585 distilleries, and their total production was 
valued at $25,295,017, about evenly divided between 
spirits of turpentine and rosin. The figures for 1914, 
including besides those mentioned the products of lum- 
ber manufacturing and wood-distillation plants, com- 
pared with the amounts for 1909, show decreases of 
16.1 per cent in total value, 6.9 per cent in quantity of 
spirits, 16.8 per cent in value of spirits, 9.8 per cent 
in quantity of rosin, and 15.9 per cent in value of rosin, 
and an increase of 96.3 per cent in value of dross. 

The Trill Indicator Company of Corry, Pa., has 
issued a new 56-page publication on engine indicators 
and indicating. The book is instructively illustrated 
and describes in detail the construction and purpose of 
the several parts of both the outside and inclosed 
spring types of indicators, including indicator reducing 
motion. Considerable space is given to discussion and 
data on indicator springs, and full instructions on indi- 
cating and interpreting cards from all types of engines, 
high-pressure steam, gas and fuel oil engines, triple- 
expansion and compound engines, and ammonia com- 
Detailed instructions are given on the ap- 
plication and use of the indicator and the planimeter, 
with easily understandable instruction on the few arith- 
metical calculations that are There are 
fifteen pages illustrating and discussing the character- 
istic diagrams of the several tvpes of engines includ- 
ing the latest four-valve engines of the new Poppet 
Valve type, the Uniflow engine, high-compression two- 
cycle oil engine, and the Diesel engine; also a large 
number of faulty diagrams illustrating the character- 
istic faults of engines. 

The Ha Ha Baie Sulphite Company of Chicoutimi, 
Province of Quebec, Canada, has announced the award- 
ing of the contract for the construction of its new paper 
pulp plant at Bagotville, Chicoutimi County, Province 
of Quebec, Canada, to the J. G. White Engineering 
Company of New York, under the direction and design 
of Mr. Hardy S. Ferguson, paper mill engineer, also 
of New York. This plant, which marks a decided step 
in the pulp manufacturing activities of northeastern 
Canada, will embody the latest improvements in design, 
and the initial installation will have a capacity of 120 
tons of sulphite pulp per day. The mill buildings, of 
brick, concrete and steel, will be erected on the shores 
of Ha Ha Bay, on the Saguenay River, and will occupy 
a space of approximately 5 acres, and besides the usual 
rail facilities will be provided with a system of wharves, 
accommodating ocean-going vessels. Work at the site 
has begun, and it is expected that the plant will be 
producing pulp early in 1917. Mr. J. E. A. Dubuc, 
president of the North American Pulp & Paper Com- 
pany and general manager of the Chicoutimi Pulp & 
Paper Company, will be at the head of this new enter- 
prise. 

Humidifying.—Bulletin 
Humidifying Apparatus,” 


pressors. 


necessary. 


No. 100 entitled “Carrier 
has just been published by 
the Carrier Engineering Corporation, 39 Cortlandt 
Street, New York. Briefly, this bulletin explains such 
details as air supply, fixing the amount of water vapor, 
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heating, cooling, securing various humidities from one 
apparatus, air distributing systems based upon ordi- 
nary galvanized iron ducts, interior risers, hollow pilas- 
ters, central vertical flues, automatic dew point control, 
proportioning fresh and return air, etc. Further de- 
tailed description includes features of the Carrier 
humidifier—spray chamber, piping and nozzles, water 
pumping, heating and straining methods, air distribut- 
ing baffles, fan, water eliminating baffles, fresh and 
return air dampers, compressed air system and safety 
valves for operating the dew point control, etc. 

The Leeds & Northrup Company, Philadelphia, Pa., 
has issued Bulletin No. 875, describing the “poten- 
tiometer” system of pyrometry. The bulletin is nicely 
illustrated, showing installations of the pyrometer and 
working parts. A description is also given of the funda- 
mental principle of the potentiometer, the development 
of the wiring scheme of the cold-end compensator and 
the automatic compensator. The method of determin- 
ing transformation points is also described. 


The Standard Car Construction Company, St. Louis, 
Mo., expects to have its new tank car plant at Sharon, 
Pa., completed and in operation about the first of Sep- 
tember. The capacity will be fifteen cars per day, em- 
bodying the recent M. C. B. suggestions, i.e., double 
riveted tank, low running boards and jacking pads for 
raising underframe underload. The tanks are long, 
which lowers the center of gravity, and allows the use 
of 15-in. center still channels, giving the underframe 
great rigidity. 

Crude Barytes Production.—The production of crude 
barytes in the United States in 1915 was 108,547 short 
tons, according to the Geological Survey, which is more 
than twice the 1914 production. There has been a large 
demand from the newly-established barium chemical 
industry. 

Asbestos.—Asbestos was produced in this country in 
1915 to the extent of 1731 short tons valued at $76,952, 
according to a Geological Survey report by J. S. Diller. 
This was a gain over 1914 of 484 tons. Most of our 
asbestos comes from Canada, and on March 25, 1916, an 
embargo was placed on shipments which shut off our 
supply from that quarter. This caused a great hard- 
ship, and the embargo has subsequently been modified 
to some extent to allow shipments to come into this 
country. Domestic sources are being investigated, and 
the encouraging outlook in Arizona, with the possible 
resumption of production in Vermont, together with an 
increased production from Georgia, may alleviate the 
situation considerably. 

The Deschutes Hydro-Electric Process Company has 
been organized at Portland, Ore., with a capital of 
$350,000, to engage in the fixation of atmospheric nitro- 
gen. The organizers are J. A. Jeffrey, C. D. Charles 
and E. Ferguson. 

Nitre Cake.—As a substitute for sulphuric acid nitre 
cake is finding many uses. Nitre cake furnished by the 
E. I. du Pont de Nemours & Company, Wilmington, 
Del., has the following approximate composition: 


Per Cent 


DM it gana eeegecweutabhete anes das baevenwes 78 
Na, SO, ce itbe kes 060 eal bees watansewe 18 
Moisture hehe ek eae bat Same Sone keke 4 
FeSo, oe chee ceneees wmhstlkpine ovGee Trace 
Sulphuric acid equivalent, approximate 32 


The product is variously known as sodium acid sulphate, 
sodium bisulphate, and acid crystals, and is readily solu- 
ble in hot water. 

The Goldschmidt Thermit Company announces the 


removal of its general offices to the Equitable Building, 
120 Broadway, New York. 
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Book Reviews 
The Metallurgists’ and Chemists’ Handbook. 





Com- 
piled by Donald M. Liddell. 4 x 7 in., 0.7 in. thick, 


603 pages, price, $4. New York: 
Book Co. 

The author, as managing editor of The Engineering 
and Mining Journal, had frequent occasion to consult 
tables of technical data, particularly in answering the 
thousand and one questions which are directed to such 
an encyclopedic and ubiquitous personage. Hence the 
resulting accumulation of useful tables and data, which 
now appears in pocket-bible form for the use of neo- 
phyte and adept. The various sections cover mathe- 
matics, price and production statistics, physical con- 
stants, chemical data, sampling, assaying, analysis, ore 
dressing, cyanidation, fuels and refractories, mechanical 
engineering, construction, general metallurgy, first aid. 

The characteristic of the book is that it is not de- 
scriptive, but tabular and statistical. It is well selected 
and very carefully compiled; the author’s intelligent 
discrimination is everywhere in evidence. Speaking as 
a metallurgist, the reviewer confesses that it is the first 
metallurgist’s handbook which has suggested to him 
the thought, “Put me in your pocket!” 


Elementary Practical Metallurgy. By J. H. Stansbie. 
152 pages, 25 illus. Price $1.40 net. Philadel- 
phia: P. Blakiston’s Son & Co. 

This interesting and useful book is certainly “ele- 
mentary,” but it is not what is commonly called “prac- 
tical metallurgy.” It would be properly described by 
the words, “Elementary Experiments for the Metal- 
lurgical Laboratory.” It tells the student how to con- 
struct simple laboratory furnaces, make assays for gold 
and silver, test fuels, examine clays and slags, make 
simple mechanical tests, harden and temper steel, re- 
duce a few oxides and sulphides to metal, work the 
thermit process, and make a number of bronzes, brass 
and white metal alloys. It is in these directions prac- 
tically written, but is not very far advanced in scien- 
tific reasons or explanations. It might be Pepper’s 
“Play Book of Metals” modernized into an elementary 
laboratory course. 


A Text-Book of Practical Assaying. By James Park. 
342 pages, 17 illus. Price $2.50. Philadelphia: 
J. B. Lippincott Company. 

This is a revision and enlargement of the third New 
Zealand edition. “The field covered is the customary 
two years’ course of assaying as given in mining and 
technical schools.” It starts in with the most elemen- 
tary steps, and leads up to the most complex problems 
of the assayer. But the author includes under the term 
“assaying” what would not be so considered in the 
United States, and here a word of explanation is neces- 
sary. 

Professor Park defines assaying as “the valuation 
of ores, bullion and metallurgical products,” and after 
saying that no hard and fast line can be drawn be- 
tween assaying and quantitative chemical analysis, he 
repeats that “assaying is merely a specialized branch 
of chemistry dealing with metallurgical products.” We 
are therefore prepared to find wet methods as well as 
fire assays given for the determination of the metals, 
such as lead, tin, antimony, bismuth, iron, manganese, 
zinc, chromium, and nickel. But what excuse is there 
for including under the author’s own definition the 
analyses of rocks, soils, manures, waters, alcohol, sugar, 
milk, and petroleum? 

The book is good, and a very useful one for a school 
course in assaying and quantitative analysis, but the 
author has handicapped it with the misnomer “as- 
saying.” 


McGraw-Hil 
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“It may be safely asserted that Electrochemistry 
owes its astonishing modern growth, first, to the 
development of the dynamo, and second to the 
production of Acheson-Graphite Electrodes.” 


This statement was made by a gentleman who 
holds a very eminent position in the field of 
Electrochemistry. 


Our question is 


Will you let these Electrodes 
help you in your work? 


They are made without bond in many sizes in the form of rods, 
tubes and plates, being solid pieces of graphite composed of about 
99.5 per cent. graphitic carbon. 


They can be machined, threaded and cut with greatest ease. The 
possibility of continually maintaining a longer length of electrode 
without undue waste, when using graphite, by joining on new 
pieces as it is burned away, offers perhaps the simplest means of 
avoiding undue heating of the metal connector from conducted 
heat, while it also prevents stub-end loss. 





Write us about your Electrode needs. Ask us to send you 
any of the following booklets of interest to you: 


Booklet 449-I Electrolytic Work (in English) 
Booklet 452-I Electrothermic Work (in English) 
Booklet 450-I Electrolytic Work (in French) 
Booklet 453-I Electrothermic Work (in French) 
Booklet 451-I Electrolytic Work (in German) 
Booklet 454-I Electrothermic Work (in German) 











Acheson Graphite Company 
Niagara Falls, N. Y., U.S. A. 
E. G. Acheson, Ltd., 5, Chancery Lane, London, W. C., England 
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ho makes it? 
Who sells it? 


4 ‘HE advertising pages of Metallurgical 
and Chemical Engineering represent a 
part of the service we aim to render to our 


readers. 


In the advertising section, we point out 
reliable market places where the principal 
machinery, apparatus and supplies required in 
the chemical, metallurgical and industrial 
helds may be obtained. In many cases, how- 
ever, only part of the apparatus made or sold 
by our advertisers can be shown in their 


announcements. 


lf it so happens that you cannot find what 
you want in the advertising pages, conserve 
vour time and energy by seeking the informa- 
tion where it is “on tap” or will be quickly and 


gladly obtained for you without charge— 


Ask “Metallurgical and 


Chemical Engineering” 
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For Continuous Accurate 


Constant l‘emperatures 
up to 260 C 


as required in many Manufacturing Operations, Experi- 
mental Manufacturing Processes and for Laboratory Purposes 


KREAS 
KLECTRIC 
OVEN 


TYPE “HT” 


is widely used 





because 


It automatically controls the temperature 
to a degree centigrade. 
It’can be depended upon for continuous 
unattended operation. 
Approved by the National Board of Fire 
Underwriters, therefore safe for 

‘*24 hours per day”’ service 


and many other reasons that have made 
the oven so popular throughout the world. 


Made in several sizes. 


Chambers, 12x12x12 inches to 32x18x14 
inches. 


Let us tell you whether the oven will in- 
crease the scope of your work. 


EIMER «2 AMEND 


(Founded 1851) 


NEW YORK 
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From the 
Vein of Graphite 


To the 
Finished Product 


The various steps of the building of 


BARTLEY 
CRUCIBLES 


are based on four important points: 








First — The careful grading of the raw 
material by repeated analysis. 

Second— Painstaking mixture and prepar- 
ation. 

Third — Perfect molds and machinery for 
the formation of the crucibles 





under jus e rig PSs Vein of Graphite in Solid Rock 
a ; agli srl ste ss ae 
itattin tiene wich eileen taal % RESULT: Bartley Crucibles show a service 


cal “tools” in all crucible work. 


Send for our literature. It covers all Bartley 
products—tilting furnace crucibles, retorts, stop 
pers, color bowls, etc. 
















CCCP 


J JONATHAN BARTLEY CRUCIBLE COMPANY 


Betcesetsch NEW JERSEY, U. S. A. 
0tUUU0UCUCCCtG6 Lt iit iit tniiisiiXiisK iat naasaas mee 
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The Nelson Electrolytic Cell 


For the manufacture of 


CHLORINE GAS AND CAUSTIC SODA 


This cell possesses the following advantages: 

(1) Low expense of installation, maintenance and repairs. 
(2) Simplicity of construction and operation. 

(3) High efficiency. 
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Our latest 240 cell installation 


| estimates furnished covering complete installation and 
cost of producing chlorine, based on the amount of 
chlorine it is desired to produce and on your values for 


power, salt, coal and labor. 


All representations guaranteed on operation over a 


, : : , , 
! period of years and can be confirmed by observation of 
cells in use. 


52 Vanderbilt Ave., New York 


| 
The Warner Chemical Co. 
| 
| 
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FERRO-ALLOYS—Low in Carbon 


—Manganese, 80% 
—Silicon, 50% -75% 
—Chrome, 65% -70% 
FERRO —Molybdenum, 75% -85% 
—Tungsten, 80 % - 85% 
—Vanadium, 25% -30%, etc 
—Phosphorus, 20% - 


65-70% Ferro-Chrome (of the usual and lowest carbon 
contents) and “ELECTRO BRAND” 60% Ferro-Silicon 
always in stock in this country for immediate delivery. 


TUNGSTEN METAL 
96-98% Tungsten, Max. 0.25°% Carbon 


E. J. LAVINO & CO. BULLITT BLDG., PHILADELPHIA, PA. 


Sales Agents for the U. S. and Europe for the Products of the 
ELECTRO METALLURGICAL CO., NEW YORK AND PHILADELPHIA 
WORKS: KANAWHA FALLS, W. VA., AND NIAGARA FALLS, N. Y. 


ORES 


Chrome, Manganese, Iron, etc. 


SPECIALTY: 
‘(IMPERIAL CHROME ORE”’ 


The Well-known Refractory Ore for Furnace Linings— 
Lumpy, Low in Silica and Low in Iron. 


FLUORSPAR—Lump and Gravel 








CRUDE SULPHUR 


Guaranteed 999 Pure 
For use in Metallurgical field, etc. 


THE UNION SULPHUR CO. 


17 Battery Place, New York City 
















We offer for prompt shipment 


MAGNESIUM 
CHLORIDE 


FUSED CRYSTALS 


WRITE US FOR PRICES. 


The Dow Chemical Company 


MIDLAND, MICHIGAN 





Crude and 
Calcined 


MAGNESIT 


Buy direct from producers 
We are prepared to ship all year 


LEVENSALER-SPEIR CORPORATION 
Monadnock Building, San Francisco, Cal. 


Chrome—Manganese 








TITANIUM OXIDE 


Our High Grade Purified Rutile Concentrates (TiO,) is 
now being used successfully as a liner on glass enameled 
apparatus, resisting the strongest acids and alkalies, non- 
poisonous, non-corrosive and not affected by change of 
temperature. 


American Rutile Company 
Pacific Building Washington, D. C. 














TITAN BRONZE 


in cold rolled bars is 


STRONG AS STEEL 
Easily FORGED Extremely PLASTIC 
TITAN METAL CO., Milesburg, Centre County, Pa 














FERRO CARBON — TITANIUM 
The Final Cleanser and Deoxidizer—For all Steels 
TITANIUM ALLOY MANUFACTURING COMPANY 


Operating Under Rossi Patents 

Processes and Products Patented 
General Office & Works: Niagara Falls, N.Y. 
Pittsburgh Office: Oliver Buildin 
Chicage Office: Peoples Gas Building 

New York Office: 15 Wall Street 

AGENTS 
T 


(seat Britain and Europe Rowlands & Co., Sheffield, Eng 




















MAGNESIUM 


Manufactured in America 


AVIATION MATERIALS CORPORATION 
99 Cedar Street, New York City 











ATKINS, KROLL & CO., San Francisco 


Import Merchants. 
SCHEELITE CONCENTRATES, b> DANISH FLINT PEBBLES, 
SILEX LINING, CYANIDE, QUICKSILVER, MINING CANDLES, 
FIREBRICK, BORTS AN CARBONS, BLACKSMITH OOAL, 
COKE, IMPORTED FUSE, SUPERIOR QUALITY ZINO DUST. 


Stocks Carried. 


Buyers of icksilver and Platinum, also 
Bismu M 





Ores of Antimony, 
olybdenum, Tungsten, Vanadium, Zinc, ete. { 
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casting. 


separate operation. 


This is t pile of 99% hure 
Metallic 
showing how 
the Norton Laboratories 


Magnesium ingots 


it is prepared by 


An ingot 12 inches long and 
mn diameter 
ounds -about half as 


weighs only 


much as a bar of aluminum the 


99% Pure Metallic 
Magnesium 


A% of GO% 
strength and quadruples resistance to shock in an aluminum 
This increase in strength means from 25% to 50‘ 
reduction in casting weight. 

Machining costs are cut in two by halving the number of 
resets on the cutting tool, permitting 


We supply 99% 
it can be delivered in pulverized form if desired 


quote on any quantity. 


THE NORTON LABORATORIES, Inc. 
LOCKPORT, N. Y. 


Pure Metallic Magnesium doubles tensile 


vlishes without a 


Pure Metallic Magnesium in ingots, but 
Let us 


NASHUA, N. H. 


We are prepared to quote or 
give information on a number 
of rare and unusual metals. 

















Union Carbide Company 


People’s Gas Bidg., Michigan Blvd., Chicago 
42d Street Bldg., New York, N. Y. 





MANUFACTURERS OF 


Calcium Carbide 


WORKS: 
SAULT STE. MARIE, MICH. 











NIAGARA FALLS, N. Y. 











| 
| 
| 








ALUMINUM, 
SILICON-COPPER, 
For making solid, pure copper castings 


Manganese Copper, 
Alloys of High Electrical 
Resistance, 
Special Alloys to Order. 


Experimental Work in 
Electro-Metallurgs 


THE ELECTRIC 
SMELTING AND ALUMINUM COMPANY 


Leocx Pont, Se. We 


| 








eS 


TUNGSTIC ACID 


Over 98°, WO3 on ignition. 
Practically no P, Na, Mo or S. 


“FOMINCO” ANALYZED ORES 


Tungsten, Antimony, Manganese, Tantalum, 
Cerium Phosphate, Zirconia, Strontium, 
Molybdenum, Barium, Titanium. 


Specialists in Unusual Ores 


Established 40 Years 





Manufacturers of Mineral Products 


FOOT MINERAL 


COMPANY 
109 N. 19th Street Philadelphia 
Cable Address: “Foote Philadelphia.” 


All Codes Used. 


FERRO-MOL YBDENUM 


Guaranteed Minimum 60% Mo; Maximum 2.5 C. 
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The Name Represents SERVICE 


and quality that will meet any requirements 
in the metallurgical and chemical fields. 


Henry Maurer No. 1 Fire Brick 
Tiles and Blocks 


are backed by 60 years success. Special sizes to meet spe- 
cial needs. Quick delivery! Prices and data on request. 


HENRY MAURER & SON, MANUFACTURERS 


422 East 23rd St., NEW YORK 
Works, MAURER, N. J. Philadelphia Office: PENN. BLDG. 























Your Fine Ores, Concentrates, Fluedust can be cheaply and successfully sintered by the 


DWIGHT & LLOYD CONTINUOUS SYSTEM 
OF BLAST ROASTING 


(Patented in United States and Foreign Countries) 
SIMPLE—EFFICIENT—LOW FIRST COST 


Large installations are in continuous daily operation in many smelting plants of our Licensees 
in United States, Canada, Mexico, Australia and Europe. For particulars and estimates address: 


DWIGHT & LLOYD SINTERING COMPANY, Inc., 29 Broadway, New York 


(SUCCESSOR TO DWIGHT & LLOYD METALLURGICAL CO.) 
CABLE ADDRESS: SINTERER—NEW YORK 


Special Agents for Iron Ores: American Ore Reclamation Co., 71 Broadway, New York 














= THE BAKER COOLER 


Applicable to metallurgical and industrial calcines 


The New SY Ss T E Mi Bipolar Saves Power, Water, Dust and Headroom 


Oxygen and Hydrogen 


GENERATOR 


apparatus are combined in high- 
ill the essentials of efficient gas gen- 
maximum safety, utmost _ reliability 
peration, moderate initial cost, ex- 
gases, flexibility, large capacity, Resant end cussived 
ympactness It will rive . oe The Norton Company (repeat Empire Zinc Co. (repeat 
= : sive you ga Aluminum Co. of America Daly-Judge Mining Co 
cutting and welding efficiency at THE STEARNS-ROGER MFG. CO 
— . . 
Denver, Colo. 


Consult us. on your oxygen or hydro- 





gen supply. In either our Bipolar or 
Unit types we can show you real 





economies that will pay generous divi- 
dends on the investment. 


Harbison-W alker Refractories Co. 
Manufacturers of 
High Grade Fire Clay Brick 
Silica Brick Chrome Brick 
Magnesia Brick 
Importers of 


Chrome Ore & Dead Burned Magnesite 
International 


Oxygen Company General Offices— 


115 Broadway New York 13: . 
London:—Arthur Lyon & Wrench, Ltd., Caxton House, S.W. Farmers Bank Building, Pittsburgh, Pa. 
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\PM 


grad ially 


replaced all un 
pr tected metal for roofing and 
siding on these forge shops In 


other words, permanent was substi 
tuted for temporary construction at 
mainte 


\PM 


stee 


and 
eliminated.. 


very small outlay, 


nance charges 
high-grade 
immersed in hot asphalt* 
compound, which (while the 


is embedded asbest 


is made from 
sheets, 
mto 


asphalt is still hot 














fibre The asbestos and asphalt form an 

almost homogeneous combination with 

the steel—a practical, light, strong 

| 1 coTrrosiotl proof and weather 

proof si g and roofing. Made in va 

rious forms and in several permanet 

lors and white Underside require | 

1 \ istering 3 














° Square 
ood Pipe Reina 


Highly Acid Resisting 





























Bricks 
Blocks 


























Powder 
Cement 





: . = This Ber of Hor Bisst Stoves insulated 
| Extensively used for Acid Drains snc ale-eet pnt 
For fifty-three years Wyckoff Wood Pipe has been made oe | r preve r at through the | 

by us, and in that time it has been widely used and has SIL-O-CEL “ea " oon te e. fe saves é sses tt erma 

given excellent service in conveying acid liquors; tan a ae ad casacity of the apperates ond prod he toe: 
| liquors, hot and cold; and for conveying mine water roa 
} —T . throughout 
rhe wood is not injured by the acids and fumes of many 
! fluids which act destructively on metal piping, or by the : oa 
} sulphur ane other impurities of mine water. Wyckoff SIL-O-CEL insulating brick a exte ation © 
| Wood Pipe does not rust, contaminate fluids, taint water, iaiieliatinctoe Bets Fo 

or burst if frozen It is cheap, durable, economical, | ed ag tang Annealing F 
quickly and cheaply laid, connections are easily made, and High Tempereture Flues — ” 

is protected with a double coating of Hydrolene from in- Dust Catchers A 
| side and outside attack a See ee - 
| Our customers have written a book of references. Send ' prs LS PERE a’? 
| for it ‘ . ° ~ 
| ¢ Kieselguhr Company of America ss 
he Largest Praducers of Colite in the World es * 
| (A. WYCKOFF & SON CO " ""tronoway. sew Vouk Ch 

” © " a . 
mr AO errrsevece sae Peano Los amar $ é 

| i 4 inctee 6 Baty Oeee Oh Be nntee t Mtg View Mery Bite . 
Elmira, N. Y. a ees Dentaeaon 
| ’ MC 26 


“Starta'B.T.U. SAVINGS ACCOUNT’ with | 


SlicO-GEL 


The most effectwe material for the insulation of high temperature equipment at alable 
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Be particular about your Transformers 


CUSTOM 
MADE 


for superior 
results 








Asprepri ate Transformers for Electrical We pay the utmost attention to your re- 

| ice work Laboratory use or Electro- quireme nts in the manufacture of “‘“Custom 

hemica] Processes should result in higher Made" American cransterme rs. The results 

ore uniform production at lowest oper- of our care plus your co-operation are most 
excellent. Send us data for estimate 


“AMERICAN TRANSFORMER COMPANY 


151 Miller Street, Newark, Bee Be 150-K M _A. Heavy Curren 


Air-Cooled Transformer 








Low Voltage Generators The Wiegand Chain Screen Door is a 


“ampere | | SHEET of CHAIN 


Single, two and efiene 
three voltages hd 

, Annealing, Glass or 
for School and a“ 

Laboratory Chemical Furnace 
work. —— Keeps heat in and cold out; 

sition, Refin- Permits clear view of interior; 

ing and Sepa- No interference with handling contents 
ration of Protects operator from heat and glare; 
metals. Saves Heat, Labor and Time. 


CHAS. J. BOGUE ELECTRIC CO. E. J. CODD COMPANY 
513-515 West 29th, New York 700 S. Caroline Street Baltimore, Md., U.S. A. 








HEAT TREATMENT 


is the basis of many manufacturin 
Bethlehem Steel Company operations and to niin it better aaa 
according to the Iron Age of cheaper required more than the mere 
May 18th said: burning of fuel. It requires furnaces 
, properly designed to meet your par- 
“Among the furnaces which were in ticular working conditions. 


operation in 1912, the Write for Booklet No. 21, “A Modern Heat 
Treatment Plant,” for further particulars. 


GIROD W,S, ROCKWELL COMPANY 
ELECTRIC FU RNACE Hudson Terminal Bldg. 50 Church St., NEW YORK 


as perfected by Paul Girod was con- 


sidered the most satisfactory with re- Jantz & Leist Electric Co 
vard to economy and reliability.” . 
lhe Girod furnace is in successful op- Cincinnati, Ohio 

eration in units up to 25 tons per heat, 

and is particularly of value for the LOW VOLTAGE MOTOR 
melting and refining of COLD charges GENERATORS 


of steel. 


The Engineering Department of the 








for general deposition of metals. 


Liberal rating, excellent voltage regu- 
C. W. LEAVITT & COMPANY | cellent voltage regu 


Sole Agents lation, durable, 


32 Church Street, New York City Machines. 
Tell us your problem. 
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Gronwall-Dixon Electric Steel Melting and Refining Furnace 


Sole Representatives and Sales Agents for United States 
John A. Crowley Company 120-122 Liberty St., New York. Operating i 


—Detroit, Mich. 


RENNERFELT ELECTRIC ARC FURNACES 


SOLD IN 3 YEARS. OPERATES ON A NEW PRINCIPLE. 


The arc is free burning and does not need the metal to complete the circuit. It is forced 
large flame, instead o 





down on the bath in a 
f having one or more concentrated arcs between the tip of an electrode and the metal 





The arc being directionalized | | Uses any kind of electric 
on the bath takes it away | poem current. 
from the roof. 





, Electrode consumption 
Roof has lasted 192 heats on ct 2 1/2 to 5 Ib. per ton of 
steel and 375 melting ‘ 4 metal. 
iron with 9-inch brick. 





-9 power factor with 60 
Hence roof renewal infre- cycles. 
oie Making all different grades 
_—)\ 
Solid bottom like an open — of steel today. 
hearth. 
Also making Ferro-tungs- 
From 1/3 ton, in 17 sizes up melas melting Brass — 
to 75 tons. i Copper—Nickel and 
Ferro-manganese. 


This shows the large faming arc acting on the bath 


(‘*) HAMILTON & HANSELL, ¥ Psi‘ Blsce 
™‘ Le y Chicago Office, GLEN B. HASTINGS, 1511 Lytton Bldg. 


Pacific Coast Agents: Woods, Huddart & Gunn, 444 Market St., San Francisco, Cal. 
Address Foreign Inquiries to A. B. ELEKTRISKA UGNAR, Stockholm, Sweden 
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screenings at a fraction of the cost of 
mine run and lump coal and oil. 


plosion from fuel in storage. 


Shall We Send “ Real Evidence’’? 
AERO PULVERIZER CO., 


BURN PULVERIZED COAL 
BY THE AERO SYSTEM 


BECAUSE 
1. It gets every available B.T.U. out 4. Both temperature and quality of 
of the coal. flame accurately controllable at all 


times. 
2. Makes available slack coal and e 


dependable action. 


3. Eliminates the danger of fire or ex- 6. Perfect combustion is affected—No 
soot—no smoke, no free oxygen, no CO. 





5. Construction prevents clogging by 
obstructions and guarantees continuous 


Equitable Bldg., 









NEW YORK 












































Standard Ball Mills 


A Simple, 
Strong, 
Durable Mill 
at a Moderate 
Price 














Lining made of spiegelized iron, self-locking, no bolts through 
shell. Scoop feed, trunnions, equipped with spiral feed and reverse 
spiral on discharge end. 

The capacity and horsepower can be v: ra from above, depending 
on the steel ball charge, and is based on 144 to 2-inch feed, and product 
12-mesh and finer 


Capacity, Diameter Width Revolu- Balls to 
Tons per Mill, Mill, tions per Horse- Charge, 
Hour Feet Feet Minute power Pounds 

20 6 6 25 65 9,000 
13 6 4 25 45 6,000 
17 5 4 27 55 7,000 
15 5 5 27 45 6,500 
12 5 4 28 40 6,000 
10 4 5 29 38 5,000 
5 4 4 32 15 2,500 
3. 4 32 12 2.300 


The Morse Bros. Machinery & Supply Company 


1732 Wazee Street, Denver, Colorado 














Giant Kneading and Mixing Machine 


GRINDING 
MILLS 


Disintegrators, Dryers 
Chasers and Machines for 


LABORATORY & FACTORY 
Plans and Estimates for 


SPECIAL MACHINERY 


Promptly Furnished 


THE J. H. DAY CO. 


Office and Factory: Cincinnati, O. 





“esoan 
Improved Lead and Paste Mill 


Write for Catalog 
showing complete 
line of Mills and 


MIXING 
MACHINES 































Limestone 


1 
Siliea ... 
Cement Clinker. 





Evaneyivents Salt Manufacturi 
sally in the chemical fertilizer 


Most Economical Grinding 


FROM RESULTS OBTAINED BY OUR CUSTOMERS WE ESTIMATE THE 
CAPACITY, AS FOLLOWS, OF THE 


MAXECON MILL 


Florida Pebble eee 
Bauxite ...... cee 
Coal Ores .... 


eccccce 4 tons per hour to 95% 100 mesh 
+++eeT toms per hour to 80% 60 mesh 
+++e++% tons per hour to ++ $-4 100 mesh 
+++++-S toms per hour to 90 50 mesh 
scccecel zone aed pees = ++ $4 100 mesh 
eecce r hour to 200 esh 
-10-12 bbls. per hour to 98% 100 mesh 


With Under 2% H. P. Minimum Wear and Repairs 


Used as a Standard Grinder by pe United yptates Steel Corporation, Aluminum Company of _- -~ 
ay & y, Virginia Carolina Chemical and 


KENT MILL CO),, Betuni sntttetiactice 









allctin 36. 36. 
Brooklyn, 10 Rapelyea &t. 
usen. 


the United States and Burope. mae for 
NEW bas 
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From 3 to Dust in One Operation 
-“ K-B Pulverizer 


the all steel hammer-mill, to reduce your mate- 
rials at a low cost from pieces of 3” (and under) 
to a fineness of 10-20 mesh 

Notice the low power consumption—using onl 

10-15 HP., the No. 1K-B_ will 
crush 4-7 tons per hour, and using 
only 20-25 HP. the No. 2 K-B will 
crush 10-15 tons per hour. Con 

pare this low power consumption 
to that of other crushing machines, 
then figure for yourself the amount 
per year that the K-B will save for 
you in power costs alone! 






The K-B has the strength to resist the hardest service 
It is built entirely of steel, and, in addition, specially 
manganese hardened steel lining plates protect the 


frame from all wear. By an ingenious device, the 
hammers can be adjusted to compensate for wear, thus 
maintaining the uniform fineness of the product 


Write today for Bulletin M, to the 
K-B PULVERIZER CO., INC. S’sch. cust 
BUILT FOR SERVICE AND DURABILITY 























There’s an Abbé Machine to Solve Your 
Grinding Problem 


The illustration below shows a Paul O. Abbe Jar Mill. The 
special method of fastening the jars into the mill eliminates the 
use of rubber bands. Jars cannot fall out. 


Whatever your needs in the line of 


Ball Mills, Jar Mills, Pebble Mills, Etc. 


You will find satisfactory equipment described in the Paul O. 
Abbé Catalog. It lists Crushers, Cutters, Sifters, Attrition Mills, 
Disintegrators, Cage Mills, Respirators, Dufour Bolting Cloth, Etc. 


Write now tor quotations on anything 
you need in such equipment. 





DAUMRON ABBE | 


Crushing, Cutting, Grinding, Mixing, Pulverizing 
and Sifting Machinery 


Room 920, Johnston Bldg., New York 





Single Assay Mill with Specimen Jar 
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Do You Run Your Pebble Mill 





Ever Thought 


this 
can 


method is, and 
spoil expensive 


wasteful 
Vv‘ ul 


of how 
how easily 
material ? 
If you ground continuously this could 
not happen. 

The 3 HP. HARDINGE PEBBLE MILL or 
the 6 HP. HARDINGE BALL MILL grinds 
continuously. 


Write for details 


London Office: 
SALISBURY HOUSE 


For Hours in Order to Grind Fine 


and then while discharging allow the pebbles to break and 
put coarse foreign matter in your finely ground material? 


HARDINGE CONICAL MILL CO. 
120 BROADWAY, NEW YORK 


California Sales Agent 


Balboa Building, San Francisco, Cal. 


Cable Address: 
HALHARDING, NEW YORK 














Mead Mills are of the high speed 
ise type, reducing the material 
















by impact In design and con- 


struction 


achievement in Send 
grinding machin 4 
ery The beaters for cata- 


are made of hand 


logue and 





forged tool steel, con- ; z 
i =| structed and attached com plete in- 
to give 
the forma- ag 
KK greatest . 
cutting tion, 
power. L:4 
ay These 
mills can 
be. regu- & 
Ee lated to 
give the de- 
cired degree MEAD& @ 
aS 4 COMPANY » 
The following are @ a 
™ few of the prominent Detroit, 8 
manufacturers using ° . 
a Mead Mills: Michigan, 
American Car & Fadry. U.S.A. wo 
Co. 
” American Glue Co. 
American Chicle Co Goodyear Tire and Rub. Co. « 
4 American Graphophone Co. B. F. Goodrich Co. : 
American Crayon Co Mallinckrodt Chemical Wks. 
American Agric’l] Chem. Co. National Roofing Co. ef 
h* Clinchfield Products Corp. Pathe Freres Phonograph Co. 
Cudahy Packing Co. Standard Aniline Prod., Inc, 
Durex Chemical Co, Sherwin-Williams Co. a 
4 Dunlop T. & Rub. Goods Co, Toch Brothers 
Eastern Tanners Glue Co. Parke Davis & Co. 





= 


LERBRERERERREER SSE 


For accurate proportioning in your mixing and compounding operations, install the 


(the better automatic weighing machine) 
Our new illustrated catalogue will be ready soon. Write now for your copy. 
The Schaffer Engineering & Equipment Co. 
Tiffin, Ohio, U. S. A. 











































The Morgan Producer Gas Machine 


roducer built in the 
in the ist of the 
month issues of this journal. 


is the highest class gas 
U. 8. and is advertise 


Morgan Construction Co. 
Worcester, Mass. 








SMITH SECTIONAL GAS PRODUCERS 
Clean, cold producer gas in unlimited quantities 
. <7 be ---y PA mar Y -¥- 


for particular manufacturing 
processes. 


THE SMITH GAS POWER CO.., Lexington, Ohio 


High in quality and uni- 
form in heating value. 




















The Wise Agitating Sulphur Burner 


(Patented United States and Canada) 


Efficient Simple Durable 
Prompt Deliveries 
Carthage Machine Co. Carthage, N. Y. 


(Sole licensed manufacturers) 
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Six Points of ABBE Superiority 
No. 6— Uniform Results 


What are uniform results? Simply getting 





what you want—getting it continuously—and 
in the quantity you want it. In other words, 
satisfactory output, according to the kind of 
service the machine is built for—and this is a 
big characteristic of Abbé Equipment. We 
know how to build machinery that is, and re- 
mains, unexcelled in its particular field of serv 
ice. In brief ABBE results are UNIFORM 
results—uniformly satisfactory. 


We make Laboratory Mills, Jar Mills, Peb 


ble Mills, Ball Mills, Tube Mills, “Max” Mills, 


Vacuum Pumps, Pressure Blowers, Rotary Cut 





ters, Disintegrators 


Use Our 
Testing Laboratory 
We make no charge for grindir rushing, cutting « 
xing samples and submitting full reports on suitable 


nes Get in touch with s lake advantage of 
ears’ experience 


ABBE ENGINEERING CO. 


Cunbtnation babieninen 2000 218-220 Broadway, New York 











Improved ‘‘Max" Mill 
(Patented) 
for Grinding Nitre Cake 
Arsenate of Lead, Salt 
Lime, Sugar, et 

















Jammed full of merit: 


THE McCOOL PULVERIZER 


For rapid grinding of ore samples and 
preparation of control pulps in sampling departments 


Recognized by many large For Chemicals, Laboratory 
and important users as the best Apparatus, Instruments, etc., 
machine for the work that has “Massco” Clay Goods, Cru- 
yet been developed. cibles, Scorifiers and Muffles, 
all of high quality, write to us. 


We are headquarters 
for laboratory supplies 


Two discs, one remaining 
stationary, do the work, and 
these discs always remain 
smooth and serviceable. You 
can grind as fine as you 
choose, and regulate the de- 


The advantages of centralized 
buying were seldom more em- 
phasized than in the oppor- 
gree of fineness while machine tunity we offer of obtaining 
is running. Combines large a large line of materials and 
capacity and high speed with supplies from one _ reliable 
simplicity and durability. source. 





Mine & Smelter Supply Co. 


Denver Salt Lake City El Paso 
New York Office, 42 Broadway 
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Broughton 
Mixers 


For THOROUGH incorporation 
of various materials, at 
minimum cost. 


Thorough because of the principle of n 
k is done by a double set of paddlk 








shafts at opposite tangents and revolving ir 
directions. Materials which 
corporate in other mixer 
Broughton 
Economical because of the 
nstant supply of mixed material 
bagger, and the durabilit ind long | 


While one cha 
mixed a 


iperiority 





Mail a post card for **Blue Book on Better Mixing’’. 


W.D. Dunning, Syracuse, N. Y. 




















Ore Dryers 


RUGGLES-COLES DRYERS 


DIRECT INDIRECT STEAM 
“BUILT TO DRY AT THE LOWEST ULTIMATE COST” 


Of over 500 in operation, 123 have been sold on repeat orders. 


RUGGLES-COLES ENGINEERING CO. 
50 CHURCH STREET, NEW YORK 


McCormick Bldg., Chicago Electro Metals, Ltd., 944 Union Court, Old Broad St., London, Eng. 
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We Aim to be of Service 


wherever masticating, mixing, kneading, 
incorporating and pulping is required. 


By our wide experience extending over 


many years in the building of such machines 


“ 


al 
Fite 


we are able to handle advantageously prac- 


«=| tically all kinds of such propositions. 


as Inquire concerning our 
Mixing Machinery, 
Vacuum Kneaders, 
Automatic Weighing Scales, 
Rubber Machinery, 


Marconi Presses and Rapid Dissolvers. 





Vacuum Kneader—Interior view with cover raised 


Werner & Pfleiderer Company, Inc. 
Factory and Main Office: Saginaw, Mich. 


New York Office: Philadelphia Office: San Francisco Office: 
41 Park Row Drexel Bldg. Pacific Bldg. 


European Houses: 
Cannstatt-Stuttgart, Paris, Moscow, Milan, Zurich, Hague, London, Berlin, Hamburg, Cologne. 


A 
, a %, 
Frankfort, Vienna, Dresden, Peterborough * 

















30 x 10’ used less than 0.2 of one H. P. with 
cubic feet of low pressure air per minute. 
INTAKE 
ating at the same plant required 8 H. P. and 
cubic feet of air. 


mechanism with central air lift. It may be 





be operated continuously or intermittently. 


The Dorr Agitator (Patented 


Dorr Agitators have demonstrated their adapt ibility to the Chemical Industry 
and are meeting with marked success. Constructed of non-acid or acid-resist- 


ing material. : . 
ing materia Write us for agitator data. 


THE DORR COMPANY 
ENGINEERS 


Successors to the Dorr Cyande Machinery Company 





Power Savers 


A plant operating a Dorr Agitator in a tank 


paddle arm Agitator of like dimensions and oper 


The Dorr Agitator consists of a_ rotating 


stalled in a flat or conical bottom tank and may 


NEW YORK DENVER LONDON, E. C. 
17 Battery Place 1009 17th Street 16 South Street 


20 
A 


30 


in 
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The Manitowoc 
Semi-Portable Dryer 


is shown below. The same good mate- 
rial and workmanship goes into its con- 
struction as into the larger sizes—and it 


is designed to give equally good service. 


ANITOWOC dryers will save 
money you have already earned 
and help you to earn more. They 

are designed to deliver the maximum 
amount of uniformly dried material at 
minimum cost—and without injury. 
Many new installations and repeat 
orders prove that this is being done. 


One User Writes 


“It will, no doubt, interest you to know 
that this Manitowoc dryer is giving us 
splendid satisfaction. We hope the time 
will come when we will find it necessary 
to put in another new dryer.” This is 
indelible proof—and it came unsolicited. 


WE CAN DRY: 


Beet Pulp Fuallers Earth Manure 

Blood Garbage Ove (Various) 

Bones Graphite Phosphate 

Chemicals Guano Plaster 

Clay Gypsum Salt 

Clinker Infuscrial Earth Sand 

oal Kaolin Starch 

Fish Scrap Lime Tankage 
Wood Chips 


Write for circular—just issued 


Manitowoc Engineering Works 


Designers and Builders of Dryers, Digesters, Cook- 
ers, Chemical Tanks, Welded Vessels and heavy 
plate fabrication. 


Manitowoc, Wis. 


Sy Nemonveying 


Systems 


help to 
make you 
independent 


of unskilled 


labor— 


In hundreds of plants and factories ‘“‘S-A’’ Con- 
veyors are unloading and storing the raw ma- 
terials, delivering them to the various processes 
of manufacture and delivering the finished product 
to storage or to the shipping platform “S-A”’ 
Conveyors are designed by experienced engineers 
to meet individual conditions in any factory and 
to handle all bulk or package products 


Correspondence or consultation is invited with 
nearest office. 


Stephens-Adamson Mfg. Co. 


Aurora, Illinois 
BRANCHES AT: 


New York, Pittsburgh, Boston, Huntington, W. Va., St. Louis, 
Chicago, Detroit, Los Angeles Salt Lake City Toronto, Ont 














Why Make Patterns? 


Whether you want one gear or one hundred, why go to 
the expense of making patterns? We can furnish you 
machine molded gears and save you pattern expense. 


By the Machine Molding Process all th: teeth in a gear 
are molded from a single tooth pattern, the spacing 
being done by accurate machinery. 

A machine molded gear is, therefore, more accurate, 
better balanced and as nearly perfect as a cast tooth 
gear can be made. 

SPUR, BEVEL, MITER and WORM GEARS ma- 
chine molded—1” to 6” pitch. 

MORTISE WHEELS with dressed teeth and cogs. 

We are equipped to furnish gears with Machine Cut 
Tezth. 

Our No. 38 catalog lists the gear you want. Over 
100 pages of gear lists and useful information. Have 
you a copy? 


H. W. CALDWELL & SON CO. 


CHICAGO: 17th St. and Western Ave. 


DALLAS, TEXAS: 711 Main Street 
NEW YORK: 50 Church Street. 
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COLORADO LORADO TRON, +» WORKS COMPANY 


EY ORE MILLING 
MACHINERY 





The Impact Screen 


It has been in just those mills where the full 
advantage of efficient sizing is most keenly 
appreciated, and where the greatest capacity 
and lowest cost of maintenance are demanded, 
that the Impact Screen has most signally 
demonstrated its superiority over all other 
Screening devices. 


t has most emphatically “made good.” 





We are exclusive manufacturers of the 


Callow Flotation Apparatus 


in and for the state of Colorado. 





Colorado Iron Works Co. 


Main Office, 33rd & Wynkoop Downtown Office, 206 Ideal Bidg. 


Denver, Colo., U.S. A. 








The Minerals Separation Flotation Processes 


Invented, Perfected and Owned by 


MINERALS SEPARATION, Ltd. 


of 62 London Wall, London, England, 
and Its Affiliated Companies. 


The Processes are protected in the United States of America by over forty patents and applications 
for patents, which include practically everything essential or of value in the use of the Process 
and Art of Air Froth Flotation of mineral values, irrespective of whatever mechanical apparatus 
may be employed. 

The Processes are now in almost universal operation, yielding phenomenal recoveries and record 
breaking profits wherever properly installed, as at Anaconda, Braden, Britannia, Inspiration, Timber 
Butte, and numbers of other important Copper, Zinc, Lead, Silver and Gold Mining Plants 
throughout the World. 

The Plant is simple, inexpensive and “Fool Proof” and occupies very small space for its large 
tonnage capacity. 

The Patent Rights for the United States of America, Canada, and Mexico are controlled by 


Minerals Separation American Syndicate (1913) Ltd. 


Sole Agents: BEER, SONDHEIMER & CO. Chief Engineer: EDWARD H. NUTTER 
61 Broadway Merchants Exchange Building 
New York San Francisco, California 
Cable: Beersond Cable: Nomology 





Notice is hereby given that no one except our Chief Engineer and the Agents named above is authorized to act for 
or represent us, or to introduce Minerals Separation processes or apparatus into the United States, Canada, and 
Mexico. A testing laboratory is maintained in San Francisco for the purpose of testing ores by flotation, and 
samples sent to our Chief Engineer there will be tested at minimum expense to prospective licensees. 


INFRINGERS WILL BE PROSECUTED 
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“This concrete is sure 
to be Waterproof ” 


JUST measure out two pounds of this 
dry powder to each bag of Portland 


(Cement and it makes concrete that is water 


~ TOXEMENT 


is an integral waterproofing compound for 


pro rf. 


concrete, stucco, Portland cement mortar, 
etc. 


It comes in bags like cement and is added 


in small quantities at the mixer. 


Does not hasten or retard the setting, but 
lubricates and insures concrete that is 
watertight. 

Used in the Woolworth Building, The Yale 
Bowl, Cooper Institute Annex, Lehigh 
Valley Grain Elevator, Dry Dock Brook- 
lvn Navy Yard, etc. Write Dept. T for 
the “Toxement” Booklet. 


TOCH BROTHERS 


Established 1848 


rs and Manufacturers of R. I. W. Preservative 
Paints, Compounds, Enamels, Etc. 


320 5th Ave., New York 


ew York, London, England, and Toronto, Canada 


CUMIN 





Uninterrupted Operation 


s vital to the success of an_ electrochemical 
works. Such operation is dependent entirely on 
the reliability of the water wheels installed 
ton-Francis turbines and Pelton-Doble 
tial wheels are built rugged and simple, to assur 
uninterrupted service. Instances where our whee 
have operated without a single shut dow: 
periods in excess of one year, are so numerous 
we have ceased t think of these a 


Our catalogs explain fully the reason why 


The Pelton Water Wheel Co. 


2187 Harrison St. 87 West St. 
San Francisco, Cal. New York, N. Y. 











CLIFT’S 


AUTOMATIC CRUSHING 


AND 
SAMPLING MACHINE 
COMBINES THREE 


SAMPLERS 
WITH 


THREE SETS OF ROLLS 


IN 


ONE MACHINE 


It prepares your sample for the laboratory, 
eliminating the personal equation from all 
operations. 

IT COMBINES 


Less Room, Less Power, Less Labor, Less 
Time and Less Cost 
with 
GREATER ACCURACY 
There is a bulletin. 


TRAYLOR ENG. & MFG. CO. 


N. Y. Office Main Office and Works Western Office 
28 Church St. Allentown, Salt Lake City 
New York, N. Y. Penn., U. S. A. Utah 
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Tested 


for 


Toughness— 


See the result of a U. S. 
Government Bending Test— 
Machined Monel Metal bar, 
showing toughness and duc- 
tility without fracture. Bar 
had been previously machined 
to bring out any slight defects 
that might develop on the sur- 
face due to stretching of re- 
motest fibres. 


Monel Metal 


Monel Metal is not only 
tough by physical tests but 
tough and wear-resisting under 
exposure to acid fumes, gases, 
atmospheric conditions and 
other corroding influences. 
Monel metal endures where 
ordinary metals give out. Write 
for particulars regarding your 
problems. 





Ask to have the 
“*Supplee-Biddle 
Bulletin” sent 
youevery month. 


Supplee-Biddle HardwareCo. 


Manufacturers of Monel Metal 





512 Commerce St. 
Philadelphia 


343 Hudson Terminal Bldg. 
New York 


BRANCH OFFICES: 
Montreal Stockholm 





London Buffalo 
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ATTIC 


4 


veeeeeneeet 


This valve makes possible 
the first hand-operated 
resuscitation machine employing 
the only principle recognized as 
correct by physiologists — that of 
accurately measured pressures. It’s 
an exclusive feature of the 


mew type b 
Pulmotor 


Up to the present, all hand-operated resuscitation 
machines have depended upon the individual 
effort and intelligence of the man at the pump 
there being no controlling device interposed be- 
tween the pump and the patient’s lungs. Conse- 
quently the pressures varied according to the 
amount of pumping done, often to the serious 
detriment of the patient, 


The Pulmotor Pressure Control Valve corrects 
this. Interposed between the pump and the pa- 
tient’s lungs, it insures uniform, measured pres- 
sures, adapted to the specific needs of each case. 
The control is centered in the operator. Indicator 
Gauges show him precisely what pressures are 
being exerted, both of inhalation and exhalation. 


Type “B” Pulmotor overcomes every inherent 
detect of the pump -controlled machine. It can 
be successfully used by even an unskilled opera- 
tor. It weighs only 12 lbs. with carrying case and 
is instantly ready to be taken anywhere in 
emergency. Price complete $115. 


Order now to insure prompt delivery. 


There is but one genuine PULMOTOR, the gen- 
uine always bears the name DRAEGER. 


OXYGEN APPARATUS CoO. 
113 First Ave., Pittsburgh, Pa. 


MAKERS OF Complete Mine Rescue Apparatus 
AGENTS for Wolf Safety Lamp Co. of America 
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Schaum & Uhlinger 
Centrifugals Valley Iron Works 


Builders of 
High Explosive 
Chemical Machinery 
Ajax 
Rocking Grates 


WILLIAMSPORT, PA. 
U.S.A. 











Particularly for 
Chemical Work | The Sharples Specialty Company i 


ba CENTRIFUGAL ENGINEERS Lad 
HE efficiency of this type “SI” ma- j Westchester, Pa. 3 
chine is gained through the highest 
 oneteiiin ¢ aah wy Same em e ew E& ee Se ee eS 
order of materials and workmanship, and 
a practical design that makes for ease in 
operation and maximum of output. 


For the drying of heavy chemicals it has D R y I N G E N G I N E E R S 


particular advantages: Special Drying Methods and Processes Developed 
Acid resisting metals are used where ad- tor Chemical & Metaturgical industrics— 


visable. CLAYS, POTTERIES, ETC. 

It discharges from the bottom. TRAUTWEIN, DRYER & ENGINEERING CO. 
It operates with either motor or belt drive. OF B, Caapeees Ob, Catenge 

Bearings are ample, with lubrication prop- 
erly provided for. fe 
More than 2500 S, & U. Centrifugals now : “¢ 

in use is the best assurance you can have of DESIGN. peat Chemical and Industria! 
Schaum & Uhlinger dependability. e Equipment 

We will gladly co-operate with you in deter- CONSTRUCTION] Rapid Delivery—Fine Workmanship 


mining the practicability and cost of drying ECTI Henry E. Jacoby 
your materials. FR we 95-97 Liberty St. son™ York 























Describe the special conditions in your plant, 
and we will send you the definite informa- 
tion you need to consider S. & U. machines. 











THE IMPROVED EQUIPMENT CO. 


COMBUSTION ENGINEERS 


Schaum & Uhlinger, Inc. 
Glenwood Ave., at Second St. 
Philadelphia, U. S. A. 
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RIVERSIDE ACID WORKS 
MAanuracTyRERs oF 


SOOM SULPHATE 
MURIATIC ACID On GALT CAKE 
CALCIUM SULPHATE 





OBLIVION STRETCHES 
HER WING O’ER THE PAST 


For years we preached in these columns the ad- 
vantages of acid contracts, 


Right now our production is spoken for and we 
can't supply you 

But let oblivion spread her wing over past history. 

We can’t supply you, UNLESS 

Unless you dictate a letter NOW to ascertain if 
there is a chance for you to join the procession of 
pilgrims who assail our gates every month, seeking 
a share of the considerable acid reserve we main- 
tain to protect our contract agreements. 


Ring for your stenog. 


G. J. H. 


















Mechanical Apparatus 


for the Manufacture of 


Benzol, Toluol 
Aniline Dye Products 
Picric Acid 
Acid Resisting Castings 


Long experience in chemical work enables the 
selection of Cast Iron best fitted for any specified 
service. 


Samuel L. Moore & SonsCorporation 
Elizabeth, N. J. 
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THE KALBPERRY 
CORPORATION 


ROBERT S. PERRY PAUL W. WEBSTER 


President Vice-Pres’t and Treas. 
FRANKLIN H. KALBFLEISCH 
Chairman 


31 UNION SQUARE, WEST 
NEW YORK, N. Y. 


Investigation of proposed cheniical 
and metallurgical investment and de- 
termination of its commercial desira- 
bility and financial soundness. 

Examination of existing plant for 
efficiency of process, method and ap- 
paratus, 

Design and supervision of chemical 
and metallurgical plant construction, 
initial operation and training of op 


eratives. 


Complete Designs and License for 


THE 
KALBPERRY TOWER 
SULPHURIC ACID 
CONCENTRATOR 


60° 66° 97% 


[he tower that has proved an un- 
qualified success in handling clean or 
dirty acid. Quickly constructed from 
standard stock materials at low first 
cost, and cheaply operated. 

Adopted and working in many acid 


plants. 


It will be our pleasure 
to answer your inquiries 
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Balictin No. 100 
Carrier 
Humidifying Apparatus 























Bulletin No. 100 


Send for and 


Read Your Copy 


al terested in humiditying should 
what to look for and what to look « 
yparatus for this work 
We ave theretore 
n general in this bulletin and also such details in 
hxing the amount 


sciecting al] 


explained air conditioning 


irticular as proper air supply 
heating 


ities trom one 


water! vapor cooling securing 
apparatus; alr 

in stems based upon ordinary galvanized 
ducts, interior risers, hollow pilasters, cen 
vertical flues, et iutomatic dew pomnt con 
1; proportioning fresh and return air, et 
detailed description includes tf 

spray chamber, piping 
strain 


Further 
f the Carrier Humidifier 
ind nozzles, water pumping, heating and 

methods, air distributing 1 

eliminating battles 
yressed ill 
yr the dew point control 
Mention Metallurgical and Chemical Engineer 

ind your coy will be mailed free, and if 
1 tell us at the same time the exact humidity 
ditions whicl desire in your plant our 


ngineers will ad to your best interests and 
vithout charge 


arrie 


Engineering corporation 
39 Cortlandt St., New York 


Boston 
176 Federal St. 


Philadelphia Chicago 
Land Title Bldg. Transportation Bldg. 
29 


| system and 8: 








Buffalo 
Mutual Life Bldg. 
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Rarefied Dust 


Collectors 


Mfd. by 


The Knickerbocker Company 


Jackson, Michigan 














U. S. Blow Pipe and 
Dust Collecting Co. 


We are 


Dust Collecting 
Engineers 
and Contractors 


For Cement, Fertilizer, 





2090-2 Canalport Avenue, 


Lime, Carbon, Graph- 
ite, Paint, Chemical, 
Varnish, Soap, etc., 
Plants. 





Send for New Catalogue 
Chicago 








SODIUM 
HYPOCHLORITE 


from salt brine for bleaching and dis- 
infecting purposes can be made eco- 
nomically from our Electrolytic Cells. 


Write for descriptive matter and prices. 


The Electro Chemical Company 
DAYTON, OHIO 








Compressors and Vacuum Pumps 
4 to 400 cu. ft. Capacity 


Crowell Manufacturing Co. 
296-298 Taaffe Place, Brooklyn, N. Y. 











CONNERSVILLE 


Blowers, Gas Pumps, Water, 
Vacuum and Liquor Pumps. 
THE CONNERSVILLE BLOWER CO. 


Connersville, Ind. 
Chicago, 929 Monadnock Bik New York, 114 Liberty St. 
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For Nitrating Dehydrating 
and general separation work— 


Equipment and apparatus that increases both the vol 
ume and quality of your output is a wise investment 


For continuous and exacting service install 





Belt-Driven, Open Top Centrifugal 


Tolhurst 


Self-Balancing Centrifugals 


Sizes 12” to 72” Diameter 














F ) : < "ne eo Automatic 
vles: Over Driven or Suspended, with or withou Locek-lifted 
lar lis re: J , ri ith or without 

ir | i charge; Under Driven, wit ul Renate 

able baskets Aluminum 


Position 
Of Cone 
When Open 
and Load Is 


Cone Valve —_ 


For Heavy Chemicals Nitro-Cellulose, 
Crystals, Sludge, etc. 


Annular Discharged 
St Over Driven Centrifugals easily handle large faseane 
l | loads by gravitvy—without springs, ruber eharged 
r other makeshift devices Material — 


1 cial requirements 


‘‘Buy a ‘TOLHURST’ and Play Safe’’ 


\«] for descriptive literature 


TOLHURST MACHINE WORKS Deter 
Established 1852 ee 
TROY, N. Y. Annular Bottom Discharge oy oe 





————— SS 

















We can produce any artificial 
atmospheric condition for you 


Che industrial perfection which depends Our 28 years experience has qualified us 
upon ideal atmospheric conditions in your tor complete success in this difficult field 
plant can be obtained by means of Webster lt is hardly possible that your requirements 
service and \V ebster \ir Conditioning Can pre sent dithculties which we have not 
\pparatus overcome many times in the past. 
The constant maintenance of a specified No problem is too difficult for Webster 
state of the air is the work we undertake Service 
Air Cleansing Reclamation of Materials Dust Removal 


Humidifying De-Humidifying Low Temperature Drying 


Warren Webster & Co. 


Established 1888 


Camden, N. J. 


Main Office and Works: 
Point and Pearl Streets 
Camden 


Branches 
in all principal 
Cities 
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BUFFALO 


Niagara Conoidal Fans 
ARE STRONGEST 


One of. the largest American concerns 
has occasion to use fans for service where 
sudden starting and stopping is necessary. 
\ testing machine was used to approximate 
actual working conditions, by bringing the 
fan wheels from rest to 1500 r.p.m. and 


. \ Conoidal Wheel, the only one offered, 
stopping in one second. 


and without the advantage of previous test, 

Fans of a well-known make—multiblade had made 37,333 cycles when the shaft of 
type—after several improvements and the testing machine broke, leaving the fan 
changes in design made as their best tests apparently in good condition to go on 
2580 and 1488 cycles of starting and stop indefinitely as reported by the buyers’ 
ping before they went to pieces. engineers 


SEND FOR CATALOG 201-55 


BUFFALO FORGE COMPANY, surra_o, n. y. 











READY TO SHIP 


Evaporators, Dryers, Chemical Apparatus and 
Ice Machines 


Following is a partial list of apparatus on hand and for sale. LET US KNOW your re- 
quirements. Full list of slightly used machinery and apparatus sent on application. 


Evaporators Double effe 1000 gallons per aystem machine two 9% x 24 S x 10 Meyer model 
Iron Heating Surface hour double acting compressors and 15 10-ton ice machine, incl. con- 

Single ’ © , ns I Single effect 3) gallons wer x 24 Corliss steam engine MM densers 
_ effect 300 gallons px — . RPM, 50 tons at 27 Ibs. back 25-ton De La Vergne machine, 
, able fect 9m anions on Dryers pressure, 38 toms at 15 Ibs. back 20 hor., steam driven 

POUDIS CU galons | 7 pressure : 27 D. A. De La Vergne 
hour d Double roll dram dryers 1I—11% x 22 vertical De La ihe 2 compressors 
[riple effect 300 gallons rT Single roll drum dryer Vergne Machine, Ser. 904 4 x 27 Corliss Steam cyl. 
hour : Vacuum dryers i—11% x 22 vertical De La 1—D. A. Ver. Machine, 50 tons 
Single effect 1000 gallons per Rotary vacuum dryer Vergne Machine, Ser. 1056 refrigerating capacity 
bour Rotary steam dryer pee dry system 1—Block model vertical machine, 
Quadruple effect 1000 ga . Je La Vergne Refrigerating ma 75 tons refrigerating capacit 
>. hour Chemical Apparatus chine, 6 x 9 belt drive and equip Both De La Vergn- Machines 
Single effect 1000 gallons Stills ments. This machine has a ca 2—-30-ton De La Vergne refriger 
bour Kettles pacity of 6 tons refrigerating ating machines 
Single effe 600 gallons Oil Storage Tanks 2—50-ton De La Vergne ice ma 9 x 18 hor. De La Vergne Corliss 

hour Caustic Kettles — 4 seat —_, > Cone petriquestien 

louble effect 600 gallons . ” —12 x 24 8S. A. vertical. 8 x 24 De La Vergne Oil, D. A, 

— . Ice Machines 1—13 x 22 Horizontal, D. A. 104% x 20 D. A. De La Vergne 
Evaporators oe ton —— - — =p two 20, 25 or 30-ton —, Dry . 

, ’ 2 x 30 vertical single acting 50-ton compressor, De La Vergne 2—60-ton steam driven Vertical 
Copper Heating Surface = compressors and one 18 x 36 ver 20 x 20 hor. st. cyl. Corliss valve York machines. ? 
1—Single effect 1000 gallons per tical steam engine. gear, and two 10% x 20 vertical 42-ton steam driven Horizontal 

hour 50-ton De La Vergne vertical oil D. A. compressor cylinder. Vileter Refrigerating machine. 


Also full line of vacuum pumps and condensers 


PHILADELPHIA MACHINERY EXCHANGE 


403 Land Title Bldg., Philadelphia, Pa. 


eee SSS... 
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Chicago, Il. 





4 
# 
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The Automatic System for 
Gas Filtration 


Fume Collection 


Pigment Recovery 


Now 


-~ gf 
gee? <> 
EE 


Formerly 


Aside from an enormous saving in space as illustrated 
above, our new system also insures an 80', saving in wages. 


Write for further information 


Simon, Buhler & Baumann, Inc. 


Represented by 


CLARK DUST COLLECTING CO. 
1116 Fisher Building 


Represented by 
29 Broad way F. » seein 
New York 226 Engineers Building 


Cleveland, Ohio 








6-0)5 


NEW YORK 
120 Liberty Street 














An Economical Vacuum Pump with a 
Noiseless, High-efficiency Drive 


You can obtain a thoroughly reliable vacuum for filtration, at lowest 
final cost, with Roots Rotary Vacuum Pumps. 

Air is exhausted steadily, without shock or jar. By carefully machining 
the impellers all over with special tools, they are able to maintain small, 
uniform clearances throughout their entire revolution, without touching 
the case or each other at any point. 

The shaft bearing being the largest friction directly traceable to the 
pumping medium, 24- 
hour service can be con- 
stantly maintained with- 
out heating or causing 
the slightest trouble. 

We also make Vacuum 
Pumps for Paper Mills, 
Heating Systems, Sugar 
Mills, Vacuum Effects, 
Priming Centrifugal 
Pumps, and all Dry and 
Wet Vacuum Service. 
Any style drive desired. 
Send for Catalog 48. 


Roots Vacuum Pump with Jackshaft Drive Blowers for 


Flotation 
CHICAGO 


P. H. & F. M. Roots Co. 


CONNERSVILLE, IND. 1245 Marquette Bldg. 
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For 40 Years 


We have been making 


Chemical Castings 


In this time we have tried to give the best possible 
service. ‘That we have succeeded is evidenced by the 
fact that the customers we had then, we still have. 
Among our customers are some of the largest chemical 
companies 1n America—also some of the smallest. 
Kither gets our best attention. 


Let Us Know Your Requirements 


THE FULTON FOUNDRY COMPANY 
Cleveland, Ohio’ 











’ Robert S. Redfield 


Engineer and 
Manufacturer 


Have You Investigated the | | Evaporators 


Possibilities of Carbon? | r | Filter Presses 
| Dryers, and a 


‘erhaps you are developing a new process which . 
‘ proper- —— general line of 


calls for the use of a material of unusual 

es You find that you need something that is 

esistant to acids and must possess at the same | f ° 

time good electrical conductivity. Or, perhaps it : By-Product Machinery 
refractoriness with low thermal conductivity . 


t vou are after We say investigate carbon ' ‘ fc ir the Chemical 


Again, you find that in addition to th opel y ’ Indust ries 
s you require this material in special shapes 1 Se : 
t 


large or small sections e- 2 ; : ae 
chanical strength And, most important of al HH : < « 3275S. LaSalle St., Chicago 
nust be inexpensive We repeat—investigate car- | 
bon! 

Carbon, because of its remarkable characteristics, 
is having a wider and wider use in the chemical 
and metallurgical industry 


As manufacturers of carbon products for over 
twenty-seven years we are in a position to furnish 
carbon products of every description tn a most sat- 
sfactory manne! 








Write and tell us our requirements. Our engi- 
é s are at your se? ie A 


National Carbon For Chemical, Metallurgical and 
Company Industrial Plants 

Cleveland, Ohio 

Carbon Manufacturers to the Industry. STAN DARD FOUNDRY CO. 
BUFFALO, N. Y. 
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THE APPLICATION OF 
THE 


EXPERIENCE 


800 INSTALLATIONS 


()F 

















IS AT YOUR SERVICE. 
LET OUR ENGINEERS 
ANALYZE YOUR 
PROBLEM. 


Gwenson fvaporaror (0; 


945 Monadnock Bld¢g., CHICAGO 














Sete SIERO Seba ELE bE! Lae MOAT LEST 
ALS nk SNR ALR tas CO Be Sto eck aR a eg ITT Mes 














Built for LONG LIFE, HARD SERVICE and NO WORRY to its OWNER 


The only apparatus that provides insurance against the results of 
carelessness and ignorance 


SPECIAL TYPES FOR SPECIAL WORK 


ZAREMBA COMPANY, Buffalo, U. S. A. 


H. E. JACOBY, New York Agent, 95-97 Liberty Street 
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Finishing Touches 


After the Sperry Filter plate has been carefully turned 
on an accurate machine tool, it is not yet complete. 

Each plate is separately gone over by two workmen, who 
scrape off all projections and file all rough edges. 

All these steps take time, but the Sperry policy leaves 
nothing undone that should be done. 

Let us figure on your filtration problems. 


D. R. SPERRY & CO., Engineers and Manufacturers 
Batavia, Ill., Near Chicago 
New York Agent: H. E. JACOBY, 95 Liberty St. 











ACID FILTERING? 


FILTROS is being used for filtering mineral acids, organic 
acids and other chemical products. It is used both for 
gravity and vacuum filtration. 


Why not use a filtering plate that is efficient and does 
not require constant replacement? There are a con- 
siderable number of satisfied FILTROS users today. If 


you have not investigated the merits of FILTROS, con- 
sult us. 


GENERAL FILTRATION COMPANY, Inc. 
Cutler Building Rochester, N. Y. 


Ask an Efficiency 
Expert 


to make a careful comparison of the Sweet FILTER PRESSES 


‘alter ir filter . We make all sizes from 
land | ilter with any other filter on the mar oe ho . 2 i 
ket and study them point by point, and we square. For acids and 


chemicals where liquid 
e sure that his report would favor the should not come in contact 
with metal Write for 


. information and prices. 
Sweetland Self-Dumping scaanaieaeanteanaetnee William R. Perrin & Co. 


Old Coleny Bidg., Chicago, Ill. 
Filter 
his filter saves labor, is economical in 


filter cloth, has interchangeable filter leaves REILLY MULTICOIL EVAPORATORS AND 
and requires a minimum floor space STRATTON SEPARATORS 


rite for catalog 12 and sample of are built for all capacities. Service and accessibility are the key- 
weetland’s Patent Metallic Filter note of our construction. 


Write for bulletins. 


Sweetland Filter Press Co., Inc. THE GRISCOM-RUSSELL CO. 


-" oa Engi —Land and Marine—Manufacturers 
Sperry Building, Brooklyn, N. Y. 2150 Weat St. Bldg., New York 





























We Can Save You Money 
on Filter Cloth— 


Whatever your filtering problems, we can supply you just the right 
quality of cloth to do the work most efficiently. 


We make filter cloths from 1/64 to % inch in thickness, and in all 
grades of openness. 


Write today for samples of grade you desire. 


F.C. HUYCK & SONS, Kenwood Mills, ALBANY, N. Y. 
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Valves, Pipes and 
Fittings 


lined with 


‘Kemetaline 


Che superior Acid- 


are Acid-Proof 


“Kemetaline” Valves, with their heavy, non- 
brittle bodies, are strong where the strain 
comes. 

(ur lined pipes and fittings are preferred and 
specihed by some of the largest acid chemical 


and oil manufacturers in the United States. 


Write for catalog 








CHADWICK-BOSTON 
LEAD CO., 


162 Congress Street, 
Boston 
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A “Barney” Car 


Another Special Easton Type 
Another Car Problem Solved 





supplied by a heavy wire cable attached to the “Barney” 


While we have small hopes of selling you one of ; 
car and wound around a drum at the top of the in- 


these “Barney” Cars, we nevertheless are pleased to 


show the illustration in this issue, as it is a further cline. ; ‘ ; 

indication of the great variety of special cars manu- The “Barney” Car disappears from view at the foot 
factured by us as well as of the service we can render of the incline by running below the ground level on 
you in aiding to solve your own industrial railway narrow-gauge tracks of its own, which are placed be- 
problems tween the standard gauge tracks. Standard-gauge cars 


can thus be run down the incline or brought up to its 


This “Barney” car is for pushing a standard ca- ; , “t . 
, foot without interference from the “Barney” Car. 


pacity freight car up an incline, motive power being 


New York Boston Philadelphia Detroit Chicago Milwaukee 


' 
u our Var Frropiems u oO ' , 
P 1s Easton Car & Construction Co. 
For twenty-five years we have been designing and building every con- ; Easton, Pa. 
ceivable type of industrial car. Do you contemplate building an industrial ‘ 
railway or bringing an old one up to date? Your requirements can ver) , . 
likely be met with our standard cars, or we will make such alterations as : Send me pm of your new Industrial 
on mead ; Catalog No. 5081. 
' 
> § Name 
aston r onstruction VO. : 
Fourth & Northampton Sts., Easton, Pa. t Address 
' 
' 
' 
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Have you tried Glass ?— 


Not only in the laboratory, but in 
the plant? 


Dfaudler 


Glass Enameled 
| Steel Apparatus 





is strong and durable, and is protected 
against corrosion by a lining of the 
purest silicates obtainable, which we 
fuse into the steel under intense heat. 
We have built satisfactory apparatus 
for a great many prominent chemical 
manufacturers, and believe we can be 
of service to you. Why not write to us? 





Have you received our Bulletins? 


Through the observation ports in the 
demountable cover of this still one can C] A Pf d| # 
see the Pfaudler Resistive Glass En- e ad er 0. 


ame! Lining. which extends clear to Rochester. NY 


edge of flange on the neck 


New York San Francisco Chicago 
110 West 40th St 512 Sharon Bidg 1001 Schiller Bldg. 




















22 Years Manufacturing Experience 
13 Years Devoted to Producing 


CHEMICAL EQUIPMENT 


OF METAL 


Nitrators, Stills, Tanks, Condensers, etc. 


SPECIAL APPARATUS 


Plate Steel, Cast Iron and Steel Equipment 


We offer a service and facilities that will produce the equipment you 
require. Expert engineering assistance rendered on all problems. 


STEVENS BROTHERS 


Engineers—Contractors | 
Room 929 149 Broadway New York 
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“ELYRI a 


stands for 








—Smoothness 


a glassy surtace without a scratch or pit, resistant 
to acids or alkalis 


—Strength 


by the backing of steel. 


—Satisfactory Service 
assured by the seamless, one-piece constructtol 
welded by the Autogenous Welding Process 
[he surface up against your product in 


Stull —Elyria Glass Enameled 


With A 

Agitator pparatus 

and cannot rT k, cTaze or scale, because the enamels 
Condenser tused to the steel at 2000 ahr 


What are your individual needs: 
We can satisfy them by specially-built, guaranteed | 
f lyria apparatus Write for our Catalog 

We also furnish I T ¢ ata!o 


Plain Welded 


Ts The Elyria Enameled Products Co. | 
Elyria, Ohio 


New York Office: 50 Church St. Chicago Office: 1033 West Lake St | 














CONTAINERS | 
CANS 


open or closed, made in any shape 
or dimensions and of any thickness 
of material desired. These are made 
of iron, copper and other metals, 
and are used by ink, rubber, iron fit- 
tings, powder, shot, celluloid, gun 
cotton, ammunition and other man- 
ufacturers. 


If you will tell us what you want 
it will be our pleasure to fill your 
order. 


L.O. KOVEN & BROTHER 


Main Office: 154 Ogden Avenue, Jersey City, N. J. 
New York Office: 50 Cliff Street 























METALLURGICAL AND CHEMICAL ENGINEERING JUNE 15, 1916 


‘ADOPT THE Dopp 


STD. DOPP KETTLE 


Steam jacketed pressure 
pan with sweep mixer 
and positive feed filler 


Chis is merely one of the 248 types of appa- 
ratus which we have developed, using the 
DOPP cast tron SEAMLESS steam _ jack- 
eted kettle as a basis. There are many more 
illustrated in Cat. V. Section I, from which 
you could get some valuable ideas toward 
the solving of your present problems. It will 
only take a minute of your time to send for it. 
\nd it may turn out to be the most profitable 
minute you ever spent. 


Sowers Mfg. Co. 


1302 Niagara St., Buffalo, N. Y. 
39 Cortlandt St., N. Y. City 


ADOPT THE Dopp | 





Comparisons are Welcome 


Place your order for 


HAUSER -STANDER 
TANKS 


Give them the test of your requirements. Compare them 
with any tank construction. 


‘*Hauser-Stander Quality”’ 


will demonstrate itself both in MATERIAL AND WORK- 
MANSHIP. We can build any wooden tank you may 
require, and build it to. meet your requirements—any 
shape, any size, lead lined or plain 


‘We Win With Quality”’ 


The Hauser-Stander Tank Co. 


Cincinnati, Ohio 


All 

Shapes 

and Sizes— 
Plain or Lead 








The Iron Bands 


On this tank are more durable 
than steel and there are more than 
on ordinary tanks. These special 
bands make all 


Corcoran Tanks 


absolutely water-tight without requiring putty, lead 
or calking. Can be tightened quickly with a wrench. 


Write for booklet M.E. describing different types of 
tanks for all chemical industrial purposes. 


A. J. Corcoran, Inc., ,2%2.eNY 








Hamburg Riveted Steel Tanks 


For Air, Oil, Storage and Pressure 
3-16 in. to 1-2 in. metal 


Hamburg Boiler Works 
Hamburg, Berks Co., Pa. 














Maurice A. Knight 


Manufacturer of 
Acid-Proof Chemical Stoneware 
East Akron, Ohio 
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Injectors, 
Valves, 
Coils of 


Chemical Stoneware 


Solve the problem _ of 
handling acids, corrosive 
liquids and gases. Bring us 
your problem. We can sup 
ply you from stock, or we 
will build apparatus to meet 
vour special requirements. 














Centrifugal Acid Pumps 


These pumps are built for lifting any 
acid or other corrosive liquid—except 
hydrofluoric acid. All parts coming in 
contact with the acid are 
made of chemical stoneware. 
The housing is completely 
enclosed in a cast iron shell 
for rough handling and 
high internal pressure. 








Write Now for Catalog and Prices 


German-American Stoneware Works 
OFFICE: 50 Church St., New York 


FACTORY: Keasbey, N. J. 











ENAMELED CAST 


Sizes 


or chemical and ¢ 
tories, electrolytic refineries, et« 

IRON APPARATUS 
Ware), acid-proof, durable, sticks firmly to 
resists high temperatures. Made up t 


HARD PORCELAIN 
Ware), hand or power drive, for wet or dry grind 
ing of quartz, feldspar clays, 
eals, drugs, spices or other materials 

ACID PROOF CEMENT, cement-mortar 
fected by cold or hot acid or lye 
receivers, for tightening pipes, 


The Ultimate Economy lies in 


BALI MILLS 


largest 


rerman 


white lead 


for lining 
for acid towers 


Genuine Imported German Chemical Stoneware 


HIGH GRADE EUROPEAN PORCELAIN WARE wherever acid is handled Eliminates necessity 
f ectrochemical plants, labora for lead 


DRY VACUUM PUMPS for the manufactur 


neandescent lamps, gunpowder, explosives, 


permat a 
metal For exhausting air or gases through liquids 
chemical and sugar work and for use with |! 


pregnating machinery 


IMPORTED ACID BRICK made of Obsidianite 
(English Product), a perfectly vitreous non-ab 
sorbent material—impervious to acids; also fi 


chemi proof. We furnish the complete stoneware 
for the manufacture of Nitric and Muriati 
not af Denitration plants for mixed acids, plants for re 
vats, generation of nitric acid and also single apparatus 


for any purpose 


J. W. Sittig, Importer, Temple Court Bidg., New York 























Jacketed Agitator Tanks 


for pressure or Vacuum 


and we will design it for you. 








Speed and service is our aim. 


Stevens Aylsworth Co., 90 West Street, New York 


Jacketed Dryer 





Storage-tanks of sizes in stock. Special 
sizes can be shipped on short notice; 
also castings, forgings and _ structural 


steel. 





Chemical Apparatus and Special Machinery 2A 


If the type of apparatus you require is 
not shown here send us your specifications 
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stills 


New Telegraph Bldg., 


AND CHEMICAL 


Bullet 
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No human or 
Semi-automatic agency 


can begin to equal the 


constant, reliable, to-the- 


degree watchfulness over your liquid or air tempera- 
tures that is automatically obtained with the 


‘Temperature Regulator 


“SARCO” 


Chere can be no quick cooling or fatal overheating with the “SARCO” 
on the watch 
When heat rises to the predetermined point the valve cuts off the 
supply of steam or gas 
For Where tanks are subject to rapid cooling influences, the valve opens 
absolute just enough to maintain the exact degree of temperature desired 
automatic When the heat quickly goes out with the introduction of cool mate- 
heat rials e * opens full and up goes the heat again 
control In extensive use in dye houses, gas producers, gas ndensers, ammonia 


factories, etc 


Wes 


Sarco Company Inc. 


Woolworth Bldg., New York 


Detroit 


Monadnock Block, Chicago 















































ARE YOU IN THIS LIST? 


ry power plant, burning Every manufacturer of 
chemicals, 

Every smelter, 

Every iron and steel plant 
Every industrial laboratory, 
Every sulphite mill, and 
many others, 


1 Williams Improved Gas Apparatus 


gas manufacturer, 
keve! engineering univer- 


very metallurgical plant 
very cement plant, 
ofitably Use 


















































































































MODEL A. 
For complete analysis of combustible gases. 
ocaptes for determination of corrosive gases, 
ydrochloric acid, sulphur oxides, etc. 


Especially 
chlorine, 


W rite for ““Modern Methods and Apparatus for Industrial Gas Analysis.” 


New enlarged edition just coming off the press. Contains 
tables and much useful information. 


Williams Apparatus Co. 
Park Place, Watertown, N. Y. 
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PALS 
BURNER 


The burner non plus 
ultra! Constructed on 
the Meker principles but 
with far better improve- 
ments than all other 
types now on the market. 






With this burner the highest temperature can 
be obtained in a few seconds. 


Made in two sizes 
No. 2196 A grid top 25 m/m. 
each, $2.50 
dozen, 28.50 
No. 2196 B, diameter of grid top 30 m/m. 
each, $3.vu 
dozen, 34.50 


This burner is listed in our new catalog com- 
prising everything for the laboratory. 


, diameter ot 


Write for a copy! 


PALS COMPANY 


Laboratory Supplies and Scientific Specialties 
90-94 Maiden Lane, New York 




















16 
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Alundum " Hs Crystolan 
Cements bo ge Cements 


Refractory cements ! coe For patching 
can be supplied 48 

for use in the con- 
struction of small 
electrically heated e 
devices ranging in &, 13 excellent results. 
temperature from ? 


300° C. to 1800° C. 


muffle furnaces 
and similar work, 
these cements give 


J 


Alundum and Crystolon powders are very useful for increasing 
the refractoriness of clays in the manufacture of retorts, fire-box 
linings and brass furnaces. Write for descriptive pamphlet. 


NORTON COMPANY 
WorcestTER, Mass., U.S.A 


_ WORCESTER MASS. 








AMERICAN PLATINUM WORKS 


225-231 New Jersey Railroad Avenue, Newark, N. J. 


Write for our descriptive catalogue Everything in the line of PLATINUM 
Dishes, Crucibles, Boats, Electrodes, 
Spatulas, Cones, Triangles, 'weezers, 
Crucible Tongs, Sheet, Wire, Etc. 











Special Apparatus for the 
Laboratory made to order 
after Customer’s Drawings 


We buy and exchange 
Old Platinum Ware 


NEW YORK OFFICE 


CHARLES ENGELHARD 


30 Church Street 
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250 PERCENT INCREASE IN SALES IN 17 MONTHS 
Definitely proves COMPLETE SATISFACTION ¢ all users of 


MULTIPLE REPLACEABLE UNIT ELECTRIC FURNACES 
AND 


MULTIPLE UNIT HOT PLATES 





1914 MODELS 


MADE 
IN 
MUFFLE, 
TUBE 
AND 
CRUCIBLE 
TYPES 


SSS 


MUFFLE TYPE—HAS UNITS REVERSIBLE FOR COMBUSTION TUBE TYPE—GAVE 1576 
OPEN GROOVE OR MUFFLE FACE ASSEMBLY HOURS IN LIFE TEST AT 1900° F. 


CATALOGS UPON REQUEST 
MULTIPLE UNIT FURNACES 


CARRIED IN STOCK BY | ELECTRIC HEATING APPARATUS CO. 
THE BRAUN CORPORATION, Lee Ancien MULTIPLE UNIT FURNACES & HEATING APPLIANCES 
ARTHUR H. THOMAS CO., Philadelphia 


EIMER & AMEND, Pittsburg 133-137 EAST 16th STREET 


E. H. SA ENT & CO., Chicago 


EIMER & AMEND, New York NEW YORK 


VITREOSIL 

















is backed by ten years’ manufacturing experience 


—and ten years’ acquaintance with the 
factors leading to its successful use in 
chemical plant construction. 


When you buy Vitreosil parts for your 
sulphuric acid concentrator, nitric acid 
condenser or other apparatus, you get in 
addition to the material, the benefit of all 
these years of experience in its application. 
First sulphuric acid concentrator built in 
1907. Upwards of 700 now in use. 


Let us supply details and quote on your 
requirements. 


The Thermal Syndicate, Ltd. 


50 East 41st St., New York City 
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A Really Useful Handbook 
That You Will Really Use 


Liddell’s 
METALLURGISTS 


and CHEMISTS’ 
HANDBOOK 


MI 


How many times per day, or week, do you 
want a fact or figure, a formula or con- 
stant for some metallurgical or chemical 
calculation? 


Perhaps you know just where to look it 
up. Again it may take you or some assist- 
ant, hours to locate it. 


It was to save the long search, the delay 
and the annoyance that Mr. Liddell com- 
piled this handbook. 


The book represents years spent in collecting 
the most reliable data and more years spent in 
arranging, condensing and checking these. 


For the great majority of your “lookups” Mr. 


Liddell’s labors are your gain. 


This handbook does not undertake to cover the 
field of the “General Metallurgy.” There are no 
lengthy discussions of processes or apparatus. 
Instead the boiled down facts and figures—the 
concise reference data from all sources are made 
available in a single, convenient, reliable hand- 


book. 


McGraw-Hill Book Company, Inc. 
239 West 39th Street, New York 


BERLIN LONDON Fa 
Publishers of Books for Metallurgical and Chemical rae 
Engineering V4 


Se Se — 











HANDBOOk 


TALLURGISTS An 


» CHEMISTS 


TIDE 


By Donald M. Liddell 


Consulting Metallurgical Engineer, 
sometime Managing Editor of The 
neering and Mining Journal. 


and 
Engi- 


603 pages, 4% 7, flexible leather, 
$4 (175) net, postpaid. 
Mr 


illustrated, 


Liddell bases his collection on extensive prac 













tical experience as a metallurgist, coupled with the 
close observation of the requests for information 
which came to him through a considerable period 
is Managing editor of The Engineering and Minin 
lournal. 
The task was not so much one of creation 
pilation in which a varied and practical experi« 
is a metallurgis t, a knowledge of t sources of 
rmation and skill in editor we the essentials 
’ . . 
Section Headings 
I Mathematics VI Ore Dressing 
I] Price and Pro VII Cyanidation 
duction Statis VIII Fuels and Re 
tics P tractories 
Ill Physical Con IX Mechanical En 
stants gineering ind 
I\ Chemical Data Construction 
\ Sampling, As X. General Metal 
saying and An lurgy 
alysis XI First Aid 
J 
Sent on Approval of 
Pg 
¢ 
No Money Ps 
¢ 
Down “ 
* 
Mail the 
a] 
Coupon McGraw-Hill 


Book Co., Inc., 
239 W. 30th St., 
New York. 
You may send me the fol- 
lowing on 10 days’ ap- 
proval. I agree to pay for 
the book or return it postpaid 

within 10 days of receipt. 
Liddell—Meitallurgists and Chem- 
ists’ Handbook, net. 


Today 


I am a regular subscriber to Metallur- 

gical and Chemical Engineering. 

I am a member of the A. I. M. B. or Am 
Electro-Chem. Soc. : 

Signed . 

Address . 


cocsscseess. MGIE 
1 Chemical Engineer- 
ing or member of A. I. M. E. or Am. Electro-Chem. Soc., please 
give business reference in margin. Books sent on approval to 
retail customers in the U. 8. 


only) 
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bh h A Problem for You? 
Providing t € Why not put it up to us? 
Proper 


Thermometer 


We know your needs and 
meet them squarely with 
accurate, servicable Ther- 
mometers for your every 
requirement. 


We are specialists in the manu- 
facture of H. & M. Type Ther- 
mometers, Recording & Index 
Thermometers, Automatic 
Temperature and Pressure 
Regulators, Mercury Vacuum 
and Absolute Pressure Gauges, 
Engraved Stem Thermometers, 
Hygrometers, Thermo-Electric 
and Radiation Pyrometers. 


Mark this:- Every Thermometer bear- 
ing H. & M. Frees makes honest claim 
to supremacy because every manu- 
facturing step is carefully worked out 
in detail, applications carefully 
studied. 

Put your problem up to us. Our expe- 
rience will prove very valuable to 
you of this we are sure. 





The H&M Division 
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TEMPERATURES AT SIGHT 


Pyrometer $25 


1000 F to 1800 F 

1700 F to 2600 F 
echanicall) pertfe torr 
he temperature of the piece 


Get one for a 5-day trial 


GIBB INSTRUMENT CoO., "GHEAND BLDG 


easuring 


PITTSBURGH 














= Taylor Instrument Companies~ 


Rochester, N.Y. 


Brinell Testing Machines! 


Get acquainted with the best 
method known of testing the 
Hardness of Metals. Send for 
our circular showing different 
sizes and styles of Brinell Test- 


ers; prices from $175.00 up. 


Are you interested in a metallo- 

graphic grinding machine, endless 

belt type? 

Pittsburg Instrument & 
Machine Company 

236 Third Ave., Pittsburg, Pa. 
























Heraeus Le Chatelier 


Pyrometers 
“The Ultimate Pyrometer” 


These instruments possess an accuracy sufficient 
for the most refined research work, and a practi- 
cability for industrial use which makes them cheaper 
than others less accurate 

Our new book “Facts worth knowing about Pyrom- 
eters in General and Heraeus Le Chatelier Pyrom- 
eters in Particular.” Bulletin No. 10 will interest you. 
Gladly sent upon request. 


HERAEUS RESISTANCE THERMOMETERS 
for temperatures below 1300° F. 
HERAEUS ELECTRIC FURNACES 


Literature upon application. 


CHARLES ENGELHARD 


No. 30 CHURCH STREET 
NEW YORK, N. Y. 


The World’s Standard— 
For Hardness Testing 


The SCLEROSCOPE 
is effecting great econ- 
omies for Governments 
and manufacturers. 
BOOKLET S8. 


For Heat Measuring 


the PYROSCOPE (op- 
tical pyrometer) solves 
the industrial problem 
of quick heat measur- 
ing in shops, foun- 
dries, kilns, retorts, 
ete. CIRCULAR P. 









PY ROSCOPE 
—=- SHORE INSTRUMENT & MFG. CO. 








SCLEROSCOPE 555-557 West 22d Street, New York 














THERMOMETERS 


OF MERCURY 
Up to 1000 Degrees F. 


yr, is the ONLY substance known to science that 
will ACCURATELY register temperatures. 


THERMOMETERS and HYDROMETERS for any 


urpose. 
n stock or made to order. 
Repair work of every description. 


H. WEINHAGEN 


Established 1855 
159-165 Leonard Street, New York 
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THE 
a ONLY 
“BEST” | 


(One Pyrometer is recognized as supreme improved Pyrometer. Give your Operator 
today, the world over. It is the Brown High 








nn 





. lirect reading Brown High Resistance 
Resistance Pyrometer. Changes in length 
eats Pyrometer and your temperature troubles 
of wiring and in atmospheric temperatures 
31] 7 
| ‘ 


along the wiring have no effect on this over 


Our 72-page catalogue with 100 illustrations is sent on request. 





Hud We 
Pitts ‘ New Yor ( 


The Brown Instrument Company, Philadelphia, Pa. 
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Owen Bottle Co. Pyrometer Central 


Representative example of our high-class Pyrometer 
Installations with which we equip plants of this type. 


STUPAKOFF LABORATORIES, 6625-6639 Hamilton Ave., Pittsburgh, Pa. 
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ry 
Resistance 


Glass 


NOTE 
FRY Chemical Glass is made to take 
the place of the old imported Jena 
Glass and it is right in all ways. 
Quality—W orkmanship—Price. 
Distributed by 
Laboratory Supply Houses 


H. C. Fry Glass Company 


Rochester, Pa. 


— 
The Practical 


Laboratory 
Glass 


See 
Marking 
Shield 
TRADE 
MARK 


FRY 
es 


Use your 
lead 
pencil 
for 
recording 
data 

















THE SOLVAY 





SODA ASH 
CAUSTIC SODA 


WINC & EVANS, Inc., 








SYRACUSE, N. Y. 


MANUFACTURERS OF 










In all commercial tests 
In all tests 





SOLE AGENTS 


PROCESS COMPANY 









DETROIT, MICH. 


MONO-HYDRATE CRYSTALS, 

1 lb. = 2% Ibs. Sal. Soda 
SNOW FLAKE CRYSTALS, 
1 Ib. = 2 Ibs. Sal. Soda 





22 William St., New York 

















UEHLING | 


RECORDING GAUGES 
Hydrostatic Principle 
No Springs or Multiplying 
Levers 








ELECTRIC MEASURING INSTRUMENTS 
Indicating and Recording 


Thermo-Couple and Resistance PYROMETERS 
Condensers Galvanometers 
Wheatstone Bridges Testing Sets 


Write for bulletins describing its line 
THE LEEDS & NORTHRUP CO. 
4901 Stenton Ave., Philadelphia, Pa. 





Instruments for measuring and recording C0,, 
draft, temperature, pressure, abeolute pree- 








eure, barometric pressure, vacuum, speed, eto. 

POWER PLANT BOONOMY APPARATUS 
OUR SPBROIALTY 

Equip your boilers with continu- 

ous © corders and redace 

your annual fuel consumption. 








UEHLING INSTRUMENT CO. 


Combustion Economists 


2009 Empire Bidg., New York City 











“Cn: * 7? . 
Scientia” Calorimeters 
and other High-Grade 
Physical and Chemical Apparatus 
Sekvenen’ Laboratory Supports—Spectroscopes—Spectrometers— 
ge yy ay ay Thermometers—Balances, Weights, 
etc. Let us know your requirements and we will send catalogue. 


Wm. Gaertner & Co., %** Lake Park Ave., 
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One Chemical Concern 
has recently given us a 
REPEAT ORDER for 


FORTY-FOUR 


THWING 


|HIGH RESISTANCE MULTIPLE RECORD} 














PYROMETERS 


This is a Strong Indorsement 


Thwing Instrument Company 
443 N. Fifth Street, Philadelphia 
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The April Issue Contains: 
UNIVERSAL ELECTRICITY SUPPLY 
By SAMUEL INSULL, President, Commonwealth Edison Company, 
: Chicago. 


AFTER THE WAR 
Ry ALBA B. JOHNSON, President, Baldwin Locomotive Works, 
Philadelphia 


THE NECESSITY FOR A NATIONAL DEPARTMENT 
OF PUBLIC WORKS 
By ISHAM RANDOLPH, Consulting Engineer, Chicago. 


THE EXTENT TO WHICH SEWAGE CAN BE Pt RI- 
FIED BY PRACTICAL METHODS NOW IN USE 
ty HARRISON P. BDDY, Metcalf & Eddy, Consulting Engineers, 
Boston 





PROCEEDINGS 


The Engineers’ Society of Western Pennsylvania 
50 cents per copy $5.00 per year. 
ELMER K. HILBES, Secretary, 2511 Oliver Bidg., Pittsburgh. 
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WORKS OFFICE 


Chemi 


Have You Given This a Trial? 


















J UST remember, thousands of Ameri 
can chemists have asked themselves 
that question before placing their first 
order for Whatman. 

No question any longer—the remarkabk 
uniformity, wet strength and dependability 
of Whatman have earned re-order after re 
order. Ask your usual supply house for 





“XX/HATMAN” 
2g). FILTER PAPERS 


Guaranteed free from Chlorine and Starch. 


No. 1 For general quantitative and qualitative 


work. Retains Barium Sulphate. 


Nos. 2-5 For general qualitative work Ask for 


samples. 


Acid-Washed Papers 


No, 30 Hydrochloric acid treated. Low ash, close 


texture. For quantitative work. 


No. 40 Bysrechierte and hydrofluoric acid treated 


sess ash than No. 30. For very accurate 
quantitative work. Retains finest precip- 
itates. 


No. 41 Treated as No. 40. Is more open and fil- 


ters more quickly. Not recommended for 
filtering very fine precipitates unless prop- 
erly precipitated. 


No. 42 Has same chemical qualities as No. 40 


and 41, but is much harder and extremely 
close in texture. For use in Filter pumps. 


Every other variety of high-grade filter 
paper is in course of production. 


H. Reeve Angel & Co. 
120 Liberty St., New York 


Sole Representatives for United States and Canada 


eee 
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What take 


you 






put into it. 





he will squander it. 
earn the 
use it.” 








toward it. 





you subscribe or not. 





issue develops 







contains. 






profit. 






Chemical 


















239 West 329th Street, New York. 


to begin at once 


Cross out 
one of these 
lines 


L 1 enclose § 
\ I agree to send $ 


. herewith 


Signed by 
Address copies to 
Street Address 
City State 
Company 


6-15-1 





out 
thing depends upon what you 


money — he 


Metallurgical and Chemical Engineering, 


[Please give definite date] 


Position. . 


Empty bottles 
need no corks 


of a 


“Give a man a fortune and 
Make him 


will 


Value is a state of mind. The 
things you value the highest— 
that do you the most good— 
are the things you buy. 

The profit you derive from a 
technical publication depends 
upon your own mental attitude 
Of course, we want 
you to read Metallurgical and 
Chemical Engineering whether 


BUT the sense of absolute 
ownership of a copy of each 
that 
mutual interest which enables 
you to get the greatest benefit 
out of the constructive, helpful 
articles which “Met and Chem” 


Wart 


Articles written by the fore- 
most men of the great indus- 
tries for your benefit and your 


Make the next twenty-four 
issues of Metallurgical and 
Engineering yours 
by mailing the coupon today. 
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All Up- to- date Laboratories 
Are //OSAINS Equipped 


lhe Hoskins electric furnaces shown above are being used for determining the carbon content of steel Chest 

= } . : or ) TT r th: Oo rs 

furnaces are capable of producing working temperatures up to 1100° C. (2012° F.) or 100° higher than ther 
The temperatures are accurately controlled—giving a clean, uniform, non-fluctuating heat 


7 " ° ° ’ ‘ : . J & : «} 1; tT! ations 
Hoskins furnaces for laboratory work are built in crucible, tube, and muffle types for use in ash determinatior 


1 ae gael oe small p ‘ 
iwnitions f precipitates, incinerations, fusions, combustions, enameling, hardening and annealing nail parts, 
melting alloys and metals, etc 

The ] 


eating units of Hoskins “FB” furnaces are made of “Chromel” Hoskins Manufacturing Company 
457 Lawton Avenue - DETROIT 


wire and last longer. When damaged these units can be replaced 
operator in a very few minutes CHICAGO PITTSBURGH SEW YORK CITY 


. forn " ror ver iol vO ré nm ¢ hy Otis Bldg Oliver Bldg Grand ¢ ral Terminal 

There is a He skins rnace built for every ob If y a n di soston 
let us recommenda the tvpe al d size best suite 1 to your Vn partic lar 185 Devonshire St 

> Canadian Hoskins, Ltd., Walkervile, Or 
neces Central Scientific Company, ¢ T 

. Bausch & Lomb Optical Co., Rochester; H« Heil Cher 
Free Bulletins on request ag te ete. Mees Ca, Chicaae, A. tt. Th 
( PI lelpt Scientific Materials ¢ Pitt 

























WE ARE PREPARED 


to take care of any inquiries regarding requirements in 
the laboratory apparatus and supply line. We call 
special attention to the following apparatus and articles, 
which are of interest to Colleges, Schools and other 
Institutions of learning as well as to the chemical and 
industrial business world. 


SPECIALTIES: 


The Lenzmann Micrometer Reader 
The Lenzmann Incubator 

The Lenzmann-Kober Nephelometer 
The Riche Adiabatic Calorimeter. 


Pamphlet on Calorimetry just issued 


“Lenzmann Insol” Glassware 


¢ is the practical Laboratory glass: uniform in shape and 
thickness, and correct in weight. A trial order will convince 


you of its acid and alkali-resisting properties. It is the 
best glass made in America, to replace the German Glass. 
Our new Chemist Apron (at $2 a piece) is recommended for the protection of the clothes. 
Whatman Filter Paper, Balances, Bavarian and Domestic Porcelain Ware, etc., etc. 
OUR GENERAL CATALOG SENT ON REQUEST 


LENZ & NAUMANN, Inc., 9-11 East 16th St., New York, N. Y. 


(Between Fifth Ave. and Broadway) 


Eastern Representatives of Leonard Peterson & Co., Chicago, Il. 
Permanent Exhibit of Laboratory Furniture at our showrooms. 
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Preparedness 





ch —When they reach for the Answer 


ty> ~ 

I’ve seen advertisements on that very 
product in Metallurgical and Chemical 
Engineering—here is the latest issue.”’ 


Most of us have taken part in similar 
conversations—where the message of 
some previous advertisement is remem- 
bered and the answer sought in the 
current issue. 

It is right at this point that the 
every-issue advertiser profits by his 
preparedness. 

—that the 
might be lucky. 


occasional advertiser 


—that the non-advertiser loses. 

Preparedness means— 

—to be found when the buyer is 
looking for you. 

—to insure for yourself, and not 
others, the business resulting from the 
interest aroused by your previous ad- 
vertising. 

Is your advertisement in this issue? 

Will it be in the next? 


Be Prepared 





JUNE 15, 1916 
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MERCK’S 
BLUE LABEL REAGENTS 


are tested according to the book of standards, 
“Chemical Reagents: Their Purity and Tests.” 
The analysis is on every label. 
dealer to send you Merck’s “blue label” goods only. 





Instruct your 
































IMPORTERS—DEALERS—EXPORTERS 


Laboratory Apparatus & Reagents 


Pyrex 


show Pyrex glass to be much less soluble in water and acids and about equally soluble in alkalis 
as compared with the best resistance glass heretofore 


Stock on hand in our own stock room 


Each article of 


with trademark 


raemerk ~PYREX 
FLASKS AND BEAKERS 


A hew resistance glass 
coefficient, and correspondingly great resistance to sudden temperature 


for immediate shipment 


Circular describ- 
ing Pyrexware 
sent on request 


stamped 





made by the Corning Glass Works, with extraordinarily low expansion 
changes Experiments 








offered of either American or European 


make The low expansion coefficient allows beakers and flasks to be made with thicker wall 
than usual, thereby greatly increasing the durability of the utensils. These utensils are superior to 
the best European ware in their resistance to sudden heating and cooling Of simple chemical 
composition and contain no metals of the magnesia-lime-zinc group and no heavy metals In 


practical laboratory us 


offered either at home 


the best resistance glass of European make prevailing before the war 


ARTHUR H. THOMAS CO. pres: wwasinorcr sauare 





e Pyrex flasks and beakers have proved superior to anything heretofore 


or abroad Prices are identical with our net duty paid stock prices on 


* PHILADELPHIA, U.S.A. 














to no attention 


plants 


Non-polsonous, smokeless, odorless gas for 
laboratory and industrial purposes 


TIRRILL “Equalizing” Gas Machines 


Intense heat, brilliant light, low cost of operation, next 
Widely used by laboratories, chemists, 
experiment stations, metallurgical industries, industrial 


Tirrill Gas Machine Lighting Co., 103 E. Park Avenue, New York 
Manufacturers of Tirrill High Bficiency Burners for every purpos: | 


The Relation of 
“Brinell Hardness” 





to the other 





terest. 





Introduce yourself to the men 
you want to meet 


Get Your Card 


Into the 
Searchlight 


—and thereby get it under the eyes 
of the men whom you wish to in- 
Let them know what you 
have to offer or what you want. 





Our Copy Service Department 
will assist if you want help in 
writing your ad. 
sure to 
audience. 
to concentrate it. 


Our readers are 
you the right 


The Searchlight is there 


Metallurgical & Chemical Engineering 
239 West 39th Street, New York 


Physical Properties 
of Metals 


Are you fully posted on 
the results of the latest 
investigations of this 
important subject? 


IF NOT—-WRITE ME 


HERMAN A. HOLZ 


50 Church Street 
NEW YORK 


Manufacturer of the “‘Brinell Meter’’ 
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Machinery for Immediate Delivery 
Morse “TYPE A” Filter 


Complete with motor, two buckets, all tanks, vacuum 
pumps, hydraulic crane for handling baskets, capacity 300 
tons per 24 hours. In excellent condition 

Portland Filter 

One Portland filter, complete specifications on request. 


Belt-Driven Air Com- 
pressors 


Electric Hoists 
1—50-hp., 3-phase, 60-cycle, 440 
1—HE-bp., S-phase, @o-eycle, <40-  }—S510,Hal Sloat, 
1—Bbp., S-phase, @o-cycle, 440- 112810 Ditadelt single 
1—iS-hp., S-phase, o-cycie, 440- $18 and, 10510, Clayton. 2-stage 
1—-10-hp., 3-phase, 60-cycle, 440 1 St ant “iduxi4 Ingersoll- 


volt 
o wt ‘ A — Rand, 2-stage 
. i? a S-phase,  60-cycle, 3—28 and 17x24 Ingersoll-Rand, 
2-stage 


Crushers 
5x7 steel roll jaw crusher 


1 Tabe and Ball Millis 
1—7x10 Blake crusher 
1 
1 


a 1—5x24-ft. Tube mill 
7x11 Dodge crusher 1—5x22-ft. Abbe tube mill 
7x16 Sampson crusher 1—48-in.x16-ft. Abbe tube mill 
}—Ox15 Blake crushers 1—48-in.x12-ft. Traylor tube mill 
9x16 Western Steel crusher 1—6x9-ft. Gates Ball mill 

1—5x7 Standard Ball mil! 
1—5x4 Standard Ball mill 
1—4x3 Standard Ball mill 


1 
I1—No 3 Aurora crusher 
1—No. 2 Gardner crusher 
I—No. 1 D. Gates crusher 
1—No. 3 D. Gates crusher 
Size » a bT » » 
1—Siz ( Comet crusher Pulverizers and Mills 
Rolls 5—5-ft. Huntington mills 
1—Set 6x10 Sample rolls 2—6-ft. Huntington mills 
i—Set 12x20 McFarlane rolls 1—50-in. Standard Pulverizer 
2—-Sets 14x27 Davis rolls 
1 Set 10x30 Allis-Chalmers rolls Water Wheels 
1—Set 16x36 Davis rolls 
1——-Set 16x40 Colorado Iron Wks 1—18-in. Morgan Smith turbine 
rolls 1—35-in. Samson turbine 
1—Set 3x10 Triplex rolls 1—3-ft. Hug water wheel 
1—Set 5x18 Triplex rolls 1—4-ft. Pelton water wheel 
3—Sets 6x24 Triplex rolls 1—5-ft. Pelton water wheel 


Send for our complete machinery list 


The Morse Bros. Machinery & Supply Co. 


1732 Wazee Street - - 


Denver, Colo. 





FOR SALE 


Complete Equipment for the Manufacture of 


Grease and Blending 
Lubricants 


6—Bowser 2000 gallon capacity Oil Storage Tanks, each 
with individual Motor Driven Remote Control Pump 
and Automatic Self-Registering Meter. 
1—s00 gallon Saponifying or Mixing Kettle, steam 
jacketed, conical bottom; heavy cast steel top head 
with clamp cover. 
1—High Speed Circulating Shredder attached to bot- 
tom of the above kettle. 
i—soo gallon Saponifying or Mixing Kettle, conical 
bottom, with pipe coils in 3 sections inside, extending 
up to enlarged coaming; includes enclosed Vapor 
Hood. 
Day 2 barrel Dough Mixer 
60 gallon Oil Mixing Tank. 
45 gallon Mixing Tank 
—45 gallon Mixing and Saponifying Tank, steam jack- 
eted. 
All Mixing Tanks have Agitators and 
Independent Clutch or Countershaft drive 
i—Graphite Storage and Weighing Tank with Pneu- 
matic Vibrating Sifter. 
1—10 gallon Stuart & Petterson Steam Jacketed Kettle 
6—Metal Tanks, various sizes 
1—Soap Chipping Machine 
1—Howe Power Spice Mill 
1—Drying Cabinet. 
Will sell complete or separate ‘items. 
In operative condition at the plant of 


The American Brake Company 


1932 North Broadway, St. Louis, Mo. 


— te 











Four Second-hand Vertical 


DRY VACUUM PUMPS 


piston type, duplex and double acting, built by the 
Deane Steam Pump Company of Holyoke, Mass. 


Cylinders of acid bronze, diameter 20”, stroke 18” 

Each with cut cast iron spur gear and cut steel 
pinion, steel pinion shaft, ring oiling bearings, Moore 
& White cutoff coupling and belt pulley. 

In good running condition. On account of change 
in method, machines not needed 


Will Make an Attractive Price 
HAMMERMILL PAPER CO. 


Erie, Pa. 








CHIEF CHEMIST 


Situation as chief chemist at Norsk Hydro-Elek- 
trisk Kvaelstofaktieselskap (Norwegian Hydroelec- 
tric Nitrogen Stock Company) is vacant. A chemist 
of Norwegian nationality is wanted as soon as pos- 
sible. The chief chemist will reside in Kristiania. 
Salary according to agreement. Applications with 
copies of testimonials and recommendations, also 
references, may be addressed to the office of 


Norsk Hydro, 


Solligaten 7, Kristiania, Norway 














We Pay Highest Prices For Scrap Platinum 


Now is the time to dispose of platinum—do not wait until the 
price goes lower. Estimate or remittance by return mail. Refer- 
ence if desired. 

Miller Smelting & Refining Co. 
Ellastone Bidg., E. Fourth St. & Prospect Ave., Cleveland, Ohio 


We also buy palladium and mercury and refine gold, silver and 
other precious metals. 

















Get Your Wants 


into the Searchlight 





This is a good time to sell your 


PLATINUM SCRAP 
Prices Are High 


We purchase scra latinum at the highest market ces— 
Cash on delivery. ee on 


THE H. A. WILSON CO. 


97 Chestnut St., Newark, N. J. 
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INRCHBIGEE 







SEGHION 








Get your Wants inte the Searchlight 


ADVERTISING RATES 
Under “Positions Wanted,” including Salesmen laneous For Sale, For Rent, and Want ads; ADVERTISEMENTS IN DISPLAY TYPE 


looking for new connections, Evening Work also Auction Notices, Receivers’ Sales, Ma- cost as follows for single insertions: 


Wanted, Side Line Wanted, etc., undisplayed chinery and Plants For Sale or Wanted (with — 4, 5. (14x34ins.) $5.00 Vin. (1x2, ins.) $3.00 
advertisements cost twocentsaword,minimum one line of display heading), undisplayed sp. (2% sx3*sins.) 10.00 4inches (4x2yins.).. 11.60 

: . 4 p. (5x3" ¢ or 2% 4x7 ins 20.00 8inches (8x2y¢ins.).. 22.40 
charge 50 cents an insertion, payable in ad- advertisements cost three cents a word, mini- 145. (101,238 <0r 5x7ins.) 40.00 I5inches 4” 50 
vance. mum charge $1.50 an insertion. I page (10!4x7 ins.) 30inches. . . .$80.00 


For space to be used within one year, to be divided to 


Under “Positions Vacant,” including Agents 
suit requirements of advertiser, provided some space is 


If replies are in care of any of our offices, allow 
and Agencies Wanted, Representatives Wanted, 


five words for the address. 


Salesmen Wanted, Partners Wanted, Desk used in each issue following first insertion: 

Room Wanted or For Rent, Business Oppor- All advertisements for bids (Proposals) cost 3 pages ee $75apage I2 pages. . $60 a page 
‘ 6 pages 7ZOapage 18 pages . 55a page 

tunities, Employment Agencies, and Miscel- $2.40 an inch. 9 pages... 6Sapage 24 pages.. 50a page 


In replying to advertisements, do NOT enclose original testimonials, drawings or photographs that you 
may want returned. Advertisements for men often produce several ieuiall applications and no em- 
ployer can be expected to read all of these carefully and return the papers or applications of those in 
which he is not interested. State your experience and qualifications in as concise and neat a manner 
as possible and enclose COPIES of your testimonials 

vi en advertising machinery, use your own name and address—or a local address of some kind—so 
that the readers can wire direct and get quick replies. We advise also that you state in your advertise 
ment the present location of plant that is offered for sale, or point of delivery provided you are in the 
market for equipment 





FOR SALE MISCELLANEOUS WANTS POSITIONS WANTED 











Iron Ore Land Rotary Furnace Laboratory \LUMINA—Ten years’ experience in the pu 
ication and extraction of alumina Either 
For sale or lease on royalty, several thousand Equipped especially for the study upon a com permanent or consulting position desired. Dox 
acres of iron ore in Southern Illinois. High mercial scale of furnace problems such as 671, Met. & Chem, Eng., 1570 Old Col 
grade Adjacent to navigable water Ad tash from feldspar, burning lime, nodulizing Bldg., Chicago, Ill 
dress Charles E. Jackson, Trustee, Middle es, oxidizing and desulphurizing es and 
town, Conn., or Arthur R. McKernan, Adm'r, e1 als, et Eq ent it les 2’ x 20’ 
Elizabethtown, Illinois kiln, fired wi » 8 x powdered CHEMICAL engineer, 35 years’ practical and 
— coal, crushing ind perverse ne pomagyy ood. research experience, wishes position as su 
ulso well equipped chemical laboratory. Open perintendent or assistant mancger with wel! 
Vacuum Pan for Sale for lin ted engagement pon favorable terms established chemical manuf curing ‘ men n 
One pper v jum par Capacity Evapora Box 643, Met. & Chem. Eng., Real Estate Now employed but des change. Only e¢ i 
tion per twenty-four irs, 20,580 gallons; in Trust Bldg., Phila., Pa offer considered Box 640, Met. & Chem 
excellent condition: now in use but too small Eng. 
for us For my lete detail write Armour & 
( Purchasing Department, Chicago, If 
ws: Send Us Your Waste Samples CHEMICAL engineer with three irs’ exper 
a at a ae alan ence in making Sulphuric Acid Explosiv: 
Books for Sale Do you know your tailings or waste dumps do ind the analysis of acids in laboratory de 
Port € the libs , a allel not carr) values a, t e val ut e men of sires to change sition Best references 
Sone the resea sbora : f the ste with _— i Pansy 2 Bd aan ae o f nished Nothing but 2 propositior 
“Carbide Willson.” Send for price list Ad 7' , Met & Chem Eng oa sidered Box 7, Met. & Che Eng 
iress Max M. Haff, Ottawa, Car ; a 
CHEMICAL engineer, B.S., 1915, wishes posi 
Generators for Sale Oxygen tion in plant or research or with this in view 
Two 1200 kw., cycle, 6600 volt, 3 phase Ger Important French firm wishes to buy machinery Experienced in general an 1 metallurgical 
eral Electric alternators with 30 in. x 50 in, x for production of oxygen Repl » Mr ‘ado! patel {nonterrous) work Now em 
ov ou Allis-Corliss rizontal oss-con Vernier, 5 Villa Stendhal, Paris rance ployed and com an : eases peer os & dy 
pound engines me 800 kw., 600 volt direct ’ , , Good references Box 704, Met. & Chem. 
current generator with 32 in. x 60 in. simple . . Eng., Real Estate Trust Bidg., Phila., Pa 
Allis-Corliss engine United Railways Co., — - - ——— 
$869 Park Ave., St. Louis, Mo Dryers and Condensers Wanted CHEMICAL engineer, graduate, wide general 
ao ee talit dames ed condensers experience in research, metallurgical, manu 
oeoa9? P acut sne aryers and co “ ES facturing, physical, electro-chemical lines, etc.. 
24 Gauge Locomotives and Cars wanted Give full particulars as to organic and inorganic; many years chief 
1— 9 ton Shay geared locomotive dimensions, maker’s name and condi- chemist large smelter and mines. Full par 


1—14 ton Shay geared locomotive ticulars and references. Box 709, Met. & 
) > ~ ~ . . tion. Chem. Eng 1570 Old Col Bide *} 
2—20 ton Shay geared locomotives. len Ng., 1/ kk olony ig., Chi 
1—33 ton Shay geared locomotive. Box 699, Met. & Chem. Eng. cago, IIl, 
20—All metal twin Hopper bottom dumps _ —_ 
All first class condition. In stock here. 
Gauge can be changed if desired. 





—_ CHEMIST—28, laboratory and factory expe 
ence, at present employed, wishes position 
. - 


ZELNICKER » ST. LOUIS BUSINESS OPPORTUNITIES with prospects for advancement. Box 718, 


RAILS MACHINERY TANKS 


Earn $20,000 a Month CHEMIST—27, graduate, with good experience, 
\ partner wanted with $5,000, money to be wishes position New York or suburb pre 


MISCELLANEOUS WANTS ' used to get led silver ore from 8 ft. ledge to ferred. Box 717, Met. & Chem. Eng. 


smelter. A big paying investment. Property 








LL should earn $20,000 a month from start. CHEMIST. eraduated. ove se wentte an 
) - @ Oli Ss . » kraduated, over one Cars exper 
Vacuum Evaporator Wanted PA Hancock, M.E., 715 Olive St., Seattle, ence, mostly in research work. Lately work 
A triple effect vacuum evaporator. Must be of y ing at the production of dyes, wishes position; 
copper and in good working order. Box 656, pemwete salary Box 595, Met. & Chem 
} + Che ; $7 , ’ ng 
Met. & Chem, Eng., 1570 Old Colony Bldg., Partner Wanted 
Chicago, III. ae 
= i — _ eapeneen | gtttate in sood, meee to co- CHEMIST having good judgment from wide 
operate with advertiser in developing manga- experience in 18 years’ research work, original 
Balances Wanted nese ore deposits Eastern Canada and also in investigations, examinations of processes, pat- 
Bullion or Silver Balances; one pair second producing ferro-manganese by electric smelt- ents, inventions. Close association with elec- 
hand Troy Silver Balances, one thousand ing from the ore. I have the ore, experi- tro-chemical-metallurgical manufactures, Has 
ounce capacity. Must be in good condition ence and knowledge necessary for erection of the ability to evolve new processes. Twelve 
with weights. In answering this ad state plant. Prefer co-operation with large reliable years in present position. Permanent employ- 
make of Balance, condition, and if ali weights concern with knowledge of marketing product. ment not essential. Box 618, Met. & Chem 


are included. Box 696, Met. & Chem. Eng. Box 713, Met, & Chem. Eng. Eng. 
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rk and ncentration of copper ores 


| . ud 
ion of responsibility 





. i t desir« posit 
( luate from well known mining colleg« 
Box 687, Met. & Chem. Eng., 1570 Old C« 
Bidg., Chicag | 
HEMIST 1 metallurgist, , experienced 
esigning pping laboratories \l se 
I eT « electri t ice \ 
s r i, wishe position with estal 
Rox r Me & Che Eng 
i) ( I | icago i 
HEMIST, we , year’s experience n steel 
1 ferr s metals nd alhed work Un 
ersity gra te, desires position in plant or 
rv, t essa y United States 
siness training Will consider sales 
t References from previous en 
er < te sal wit PI nity 
Lox ae & Che Eng., 1 Old ¢ 
Bidg., ¢ in I 
HIE} \ ng man experienced in 
eels w non-ter s alloys and a 
iN ne i Strict p to date Ca 
t borat y to advantage I mf loyed as 
ef chemist for large corporation. Wish to 
nge where hard work and results will bring 
uncement Box 650, Met. & Chem. Eng 
Et 


ECTRICAI nd metallurgical engineer, age 
Holds degrees of E.E. and Met. E. from 


nent university Thoroughly trained in 


ect ul engineering, metallurgy, in organic 
’ electro-chemistry and electro 

y. Desires position with opportunity 
ivancement \t present in charge of 

t t plant Box 619, Met. & Chem. 





ECTRO-CHEMICAL graduate, M.I.T., 191 
ue nmarried ne year is chemis n 
pper smelt good references 
sitior engineering, manufactur 
esea ine ffering bigger future, 
nt salary $1,20( Box 691, Met. & 
Eng., 1570 Old Colony Bldg., Chicag 
‘EER experienced in manufacture dye 
c enzer and acids, lve bases 
jucts. Box 700. Met. & Chem 
and malleable iron 
taking entire charge 
ory, desires ta: rma 
work under chief chem 
s references Now employed 
( rapid control work, 
1 pen for immediate 
ngagement American, age 30, married. Box 
Met. & Chem. Eng. 





POSITIONS WANTED 


METALLURGICAL and chemical engineer, 
»w employed by large concern Expert in 
plant efheiency. Have you an executive posi 


tior Box 715, Met. & Chem. Eng 


MUST connect with some responsible concern. 


| have an intimate practical acquaintance 
with everything from the ash ~ of a boiler 
r to the solution of hard electro-chemical 





Original and inventive Can use 
what is at hand. Skillful with machine tools 
Box 684, Met. & Chem. Eng 


prooviems 


SUPERINTENDENT wants position as super- 
ntendent or assistant superintendent Hav- 
ing had experience in electrolytic alkali work 
Good general experience and college training. 
\ccustomed to plant management and hand 
ling men. Is at present employed but desires 
a change References Box 693, Met. & 
Chem. Eng., Real Estate Trust Bldg., Phila- 
delphia, Pa. 


TECHNICAL and analytical chemist, age 30, 
experienced in electro-metallurgy, handling 
furnaces and men. Formerly chief chemist 
of large smelter, now department superin 
tendent, in present plant 6 years. Box 680, 
Met. & Chem. Eng., 1570 Old Colony Bldg., 
Chicago, Ill 


ITURNINGS from brass time fuse forgings I 
thoroughly practical process to melt 

this material with a loss of 5% or less lf 
this me S$ a saving in your tou , 
mmunicate Box 705, Met 


ave a 


nery, lease c¢ 
{ 


POSITIONS VACANT 


CHEMICAL engineer fami with anufactur 
neg hg chlorine and bieaching powder is 
nted for works situatec i d Box 711 

Met. & Chem. Eng 


nufacturing 
powder 1s 


x 712, Met. & 


FOREMAN with experience in m 
l id chlorine and blea 
wanted for works abroad. B 


Electro-Metallurgist Wanted 


Excellent position open for gh class electro 
Must have beth technical knowi 





e practical experience in production 

alleys Must understand operation, con- 
t tior nd maintenanc f electric fur- 
naces Executive ability desirable Box 698, 
Met. & Chem. Eng., Real state Trust Bldg., 
Phil Pa 





AGENTS AND SALESMEN 


Wants Position as Salesman 


Chemist, technical graduate, with unusual quali 
fications for the sales end of the hemical 
business, wishes to connect with a firm where 


would be 
“Sales,” 767 


advancement 
sults. Write 
City 


proportionate to re 
N. ¥ 


.” 767 Dawson St., 


EMPLOYMENT AGENCIES 


THE RODGERS’ 
LOYAL CLUB 


organized by paroled inmates of the 
New York State Reformatory at Elmira, 
New York, for the purpose of self-help, 
can furnish male help to employers in 
need of young men from 17 to 30 years 
of age. 

As an employer of labor, wil! you help 
in this effort at rehabilitation by giving 
one or more of our members employ- 
ment ? 

We can furnish almost any kind of 
ability required, from an expert ac- 
countant to ordinary laborer 

Hundreds of these young men are 
making good in this city today through 
co-operation of business men in giving 
them honest employment. 

Are you interested enough to help in 
this manner to prevent crime and to save 
from criminal lives the really worthy 
men we could send to you? 


If so, please address 


H. B. RODGERS 


Chief Parole Officer 


Elmira Reformatory 


135 East 15th St., New York City 
Telephone 1470 Stuyvesant 


Get Your “Wanto inte 
the Searchlight 
















Satisfied ~—™ 


‘TI received four replies and have just 
closed a deal for a very satisfactory position.”’ 


If you are looking for a job make it known through the 


SEARCHLIGHT SECTION of Metallurgical & Chemical Engineering 


—— 


—_—— 








Very truly yours, 


R. E. B. 


CHEMICAL engineer and electro-«metallurgist, 
holds degrees of M.S. and Ch.E. 
Middle 
trained in imorganic physical and electrical 
in metallurgy 
lurgy. e 

ing or metallurgical work with o 

for advancement. 

ed. Box 471, Met. & bs Eng., 1570 


Bid Coto 


Published twice at $1.05 per insertion 


, a from two 
est State universities. Thoroughly 


and electro-metal- 
sires position in chemical engineer- 
rtunity 
References. ow em- 


ny Bldg. Chicago, 
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FERRO-URANIUM 


The Last Word in High Speed Steel Manufacture 





WRITE US 
FOR PARTICULARS 


We also Manufacture Ferro-Vanadium 


STANDARD ALLOYS COMPANY 


Offices: Forbes & Meyran Avenues, 
PITTSBURGH, PENNA. 


Works, Canonsburg, Penna.) 








Why Pay the High Prices for Copper and Brass Rods? 
HAVE YOU EVER USED 


COPPER CLAD STEEL RODS 


KNOWN AS 
ARISTOS — b ERWEI D Trade Mark 
COPPERWELD nous COPPERWELD ROSS 
are an improvement on all copper or brass. The copper ? ec. stronger than —~ copper or bra 40 p. 
or brass is perfectly eld d without voids to the iron of h igh o- elastic limit. Hen smaller size yeas can be 
or steel 7 used ith better results 


COPPERWELD IS MUCH CHEAPER THAN ALL COPPER OR BRASS-—-ARE YOU USING COPPERWELD WIRE? 
DRAWN AND SOLD BY 


PAGE WOVEN WIRE FENCE CO. 


MONESSEN, PA. 


IF NOT, WHY NOT? COPPERWELD Wire is made 47 p. c., 40 p ductivity; also 20 p. c. grade for n 
chanical uses. COPPERWELD WIRE spells at all times ECONOMY ar d E F F 1e IE Nt 4 
FOR FOR FOR 
Telephone Service Lino Wires Police Signaling 
Automatic Block Bond & Tie Wires Most Electrical Uses 
Signaiing Train Despatching 


COPPERWELD PRODUCTS MADE EXCLUSIVELY BY 


Copper Clad Steel Company, Pittsburgh, Pa. 


Main Office, Arrott Building Works, Rankin, Pa. 
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' CHEMICAL ENGINEERS 


METALLURGISTS 


CHEMISTS 


PROFESSIONAL DIRECTORY 


ENGINEERS LABORATORIES 


ETC. 




















W. G. ABBOTT, Jr. 
Research Engineer 


Development of Inventions, Special 
Machinery and Industrial Processes. 


Laboratory, WILTON, N. H. 


A. B. FOSTER 
M. S. in Chemistry 


Chemical, Process & Composition Patents— 
Soliciting, searches, opinions, validity, etc. 
Ex-Examiner—Chemical Division 
Patent Office 
527 Victor Building, 
WASHINGTON, D. C 


W. J. KEE 
Chemical Process Engineer 
Manufacture and Concentration of’ Sul- 
vhuricacid. Nitricand Hydrochloric acids. 
By-products. 


Woburn, Massachusetts 











JOHN H. BANKS 
Formerly of Ricketts & Banks 
Mining Engineer and 

Metallurgist 


Special attention to problems in ore treatment 
—Complete Laboratories—Assays and Analyses. 


61 Broadway, NEW YORK 


MAX M. HAFF 
Chemist, Development of Processes 
Tests. Investigations, Research work, 
Electric Furnaces, Electro-metallurgy 
(Specialty). Canadian patents, Canadian 

minerals, mines, ores. 
70 Clarey Avenue 
OTTAWA, CANADA 


H. G. KLINK 
Lead Burning Contractor 


Construction of acid chambers, Glover towers 
Gay Lassac Towers and all Chemical Apparatus 
Work handled either on commission or a ton 
nage basis My method of hand ling jobs saves 
you time My lead burners are the best, 


Correspondence Solicited 


P. O. Box 572, BALTIMORE, Md 








GEORGE HILLARD BENJAMIN 
Industrial Engineer 
Patents and Patent Law 


66 Broadway, 
NEW YORK CITY, N. Y. 


N. L. HEINZ 
Consulting Engineer 


Metallurgy of Zinc and Manufacture 
of Sulphuric Acid. 


1519 Oliver Bldg., 
PITTSBURGH, 


ISAAC H. LEVIN 
Lormerly Chief Engineer and Chemist 
f the lnteraational (xygen ( 

Specialist in Electrolytic Gas Production 
and Synthetic Precious Stones 
RESEARCH 
186 Hillside Ave. Newark, N. J 
(Temporary Address) 














BOOTH, GARRETT & BLAIR 


Metallurgicai Chemists 
Established 1836 


Analysis of special steels, ores and minerals. 
Water analysis, bacteriological and sanitary 


404-6 Locust Street, 
PHILADELPHIA, PA. 


CARL HERING 
Consulting Electrical Engineer 
Tests, Examinations, Researches, Reports 

Patent Litigation K 
_ Electrical Furnaces, Thermal 
Engineering, Electrolytic Corrosion, 
Electro-Chemistry 


210 S. 13th St., PHILA., PA. 


Dr. CHARLES F. McKENNA 
Consulting Chemist and 
Chemical Engineer 
Expert in Technology and Testing of Materials 


50 Church St., 
NEW YORK CITY 




















BYRNES, TOWNSEND & 
BRICKENSTEIN 
C. P. Townsend J. H. Brickenstein 
Patent Lawyers 
Expert in Electricity, Metallurgy, 
Chemistry, Electrochemistry. 


918 F Street, Rooms 58, 59, 60, 61, 
WASHINGTON, D. C. 


R. P. HOMMEL 
Searches and Translations 


For Patents and other Technical Purposes 
American Electrochemical Society 


Lehigh University 
& 7 


SOUTH BETHLEHEM, PA. 


CLARENCE W. MARSH 
Consulting and Chemical Engineer 
Personal constructive engineering service 

for investigation, organization, design and 
operation in the chemical! industry 

Engineering Designer of the Largest 
Electrolytic Alkali Plant in the World. 


201 Devonshire St.. BOSTON, MASS. 














Canadian Inspection 
and Testing Laboratories, Limited 
Consulting and Analytical Chemists 
Inspecting and Metallurgical Engineers 
Branches; Toronto, Winnipeg, Edmonton, 
Vancouver, New Glasgow. 
Head Office & Laboratories, Montreal, Can. 
A. Gordon Spencer, Chief Chemist 


HOWARD TESTING 
LABORATORIES 


oe Testin mpgne | and paatyets 
Iron an 
Alloy steels, alloys, foundry a and sup- 
plies—Prompt service—Operate day and night. 
Bell "Phone 1000 
LOCKPORT, N. Y. 


RICHARD K. MEADE 
Chemical, Mechanical and 
Industrial Engineer 


Chemical Plants Designed, Constructed, 
Reorganized and Operated. 
Processes Investigated. 


202 N. Calvert St., Baltimore, Md. 














ELECTRICAL TESTING 
LABORATORIES, INC. 
Tests 
80th St. and East End Ave., 
NEW YORK, N. Y. 


THE INSTITUTE OF 


INDUSTRIAL RESEARCH 
WASHINGTON, D. C. 


Divisions of Metallurgy, Paint Tech- 
nology. Food and Drug Products,Roads 
and evements, Chemical Engineering. 
Processes velo 
Designs, specifications and euperintendence— 
Tests of materials of construction. 


A. H. NEY, Ph.D. 
Consulting Chemist and 
Chemical Engineer 
High Explosives and Industrial Organic 

Chemicals 
Expert in Patent Causes 


50 Church Street, N. Y. C. 








THE FITZGERALD 
LABORATORIES, INC. 
F. A. J. FiteGerald, Pres. 


NIAGARA FALLS, N. Y. 


Electric furnace processes and inventions— 
Expert advice regarding design and 
construction of commercial plants, 

heat insulation and refractories. 











JOHNSON ELECTRIC 
mony og hg a 
Byron E. Eldred, P: 
oseph Struthers, 2nd VV. -P. 
Electric rnace Design and Reports on 
Complex Ore Testing 
Controls the American rights of the 
Johnson Electrothermic Process. 
Address, 18 East 41st St... NEW YORK, N. Y. 








BERNARD ORMONT 
Chemical Engineer 
Compressed and liquefied gases; crude 
oil; petroleum processes and by-products 

investigated and developed. 
Analysis—Technical Reports—Research 
Office and Laboratory 


104 John St., New York City 
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PROFESSIONAL DIRECTORY 


CHEMICAL ENGINEERS 


METALLURGISTS 


CHEMISTS ENGINE 


ERS LABORATORIES 


ETC. 




















Cc. L. PARKER 
Ex-Examiner Chemistry 
U. S. Patent Office 
Attorney-at-Law and 
Solicitor of Patents 
McGill Bldg. 


WASHINGTON, D. C. 


SAM'L P. 


SADTLER & SON 


Consulting and Research Chemists 


Report on chemical and electrochemical pro 
cesses Analyze Industrial and Technical 
Products 
Office and Laboratory 
210 South 13th St.. PHILADELPHIA, PA 

Research Laboratory: CHESTNUT HILL, } 


5 


Chemical Plants, 


JOHN E. TEEPLE, Ph.D. 
Consulting Chemist, Chemical 
Engineer 


Design of Chemical Plants, 
Processes and 


Investigation of 
Propositions. 


50 East 4ist St.,. NEW YORK 











FRANCIS J. PECK & CO. 
Consulting Chemical Engineers 
Chemical Plants designed, con- 
structed, investigated, reorgan- 
ized. and operated. Processes de- 
vised, developed and improved. 
Williamson Bldg. 
CLEVELAND, OHIO 





THOS. M. SKINNER, Jr. 

Metallurgical and Chemical Engineer 
Sulphuric Acid Examinations 
Caustic Soda Reports 

da Ash Processes Per 
Bicat vonate of Soda fected 
Potash Magnetic Separa 
Piant ¢ iction tion of zinc ores 


SAND SPRINGS, OKLA 


onstri 





System), 
traction Plants( volatile solvents) 
Supervision ; 


LUDWIG A. THIELE, Ph.D. 
Chemical Engineer 
Design and Construction of Chemical Plants; 
Sulphuric Acid Plants (Tangent 
Fertilizer Plants, ExX- ¢ specialty 
Investigation of Plants, 
cesses and Propositions. 
Hartman Building, COLUMBUS, 0. 


Pro- 











PITTSBURGH TESTING 
LABORATORY 


Research, Physical, Analytical and 
Bacteriological Laboratories 
Design of Water Purification Plants 


PITTSBURGH, PA. 


James Otis Handy, Director of Laboratories. 
Howard H. Craver, Chief Chemist. 








L. STADELMAN 
Chemical Engineer 


Phenol, 15cts. a lb; Benzoic Acid, 30 cts.; 
Salicylic Acid, 25 cts,; direct Aniline 
Coiton Dyes, 30 cts. to $1.00 


"Phone 1159 W. ARDMORE, PA. 








Patent Law 


Former Asst. Examiner U. 


NORMAN T. WHITAKER 

er and Mechanical 

Sngineer. 

S. Patent Office 
Suite 22, Legal Building 

(Opposite U. 8S. Patent Office.) 
WASHINGTON, D. C. 











RICKETTS & COMPANY, INC. 
Mining, Metallurgical and 


Chemical Engineers 
Mines and properties examined—Advice as 
to development and operation—Ore treatment 
methods determined. Assays and analyses of 
all materials and gupente- Complete labora- 
tories for research wo! 


80 Maiden po NEW YORK 








Welland Analytical Laboratory 
Analytical & Research C he mists 











JOHN OGDEN 
Metallurgist-Chemist 
Electro-Metallurgy of Gold, Silver and 
Platinum 


906 Filbert St.. PHILA 


. PA 











37 Griffith St., Welland, Ont 
Write us for rates for cards in the 
Professional Directory. Metallurgical 
& Chemical Engineering, 239 West 





Sth St., N. Y. C 








HAMLIN & MORRISON 
Analytical Chemists 


Established 1892 
Forest Bldg, PHILADELPHIA, PA. 











If you haven't taken your 
place in the 

Professional Directory 
—now broadened in scope 
to meet new conditions 





—then 


White us for 
information 
and rates 


—or use 
this coupon 


—nOoOWw 
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All forms All sizes 


For all purposes 


We manufacture all forms and sizes of 
Platinum Ware for chemical and physical 


purposes. 


And because a hammered platinum surface 
is more resistant than the softer metal 
underneath, we hammer to shape every 




















BAKER 
Platinum 
Apparatus 


Finishing and testing operations are elab- 
orately carried out, and Baker Platinum 





\Vare is guaranteed to give entire satisfac- 
tion in competent hands. 

It is this surety that causes the user, buyer 
and seller of Platinum Apparatus to cleave 
to the famous Baker standard. They know 
it is sufficient for all their needs. 


Baker & Co., Inc. 


Newark, N. J. 


New York Office: 30 Church St. 


Old dishes, crucibles and appliances of all forms, 
reshaped, repaired, purchased or ex- 
changed for new ware. 


Data concerning “Platinum” sent free. 
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What Advertisers Offer to Readers 


Classified Index of Products Advertised in This Issue by Representative Manufacturers and Dealers 











Acid Concentration Appara- 
us 
Thermal Syndicate, Ltd.. The. 
Acid Eggs 
Bethlehem Fdy. & Mach. Co. 
Buffalo Fdy. & Mach. Co. 
Elyria Enameled Products Co. 
Fulton Foundry Co 
Sreasen Sage Mfg. 
Stuart & Peterson Se 
U. 8S. Cast Iron Pipe & Fdy. Co. 
Acid Fans 
Stearns Roger Mfg. 
Acid Filters 
General Filtration Co., 
Acid Preof Brick 
See Brick, Acid Proof 
Acid Resisting Glass Enam- 
elled Apparatus 
Elyria Enameled Products Co. 
Pfaudler Co., The. 
Stearns-Roger Mfg. ©o. 
Stuart & Peterson Co 
Agitators 


Co. 


Inc. 


General Filtration Co., Inc. 
Air Compressors 
Crowell fg. Co 


Nash Engineering Co.. 
Air Filters 

Simon, Buhler & Bauman. 
Air Separators 

See Separators, Air 

Air Washers 

Carrier Engineering Corporation 

Webster & Co., Warren 
Alloys: See Ferro-Alloys 


The. 


Alloys, Special 
Goldschmidt-Thermit Co 
Lavino, E. J., & Co 
Norton Laboratories, Inc. 

Aluminum 
Electric Smelt. & Alum. Co. 

Alandum 
Norton Co. 

Analytical Apparatus 


Bausch & Lomb Optical Co. 

Central Scientific Co 

Rimer & Amend 

Hoskins Mfg. Co. 

Lens & Naumann 

Mine and Smelter Supply Company. 

Palo Oo. 

Thomas Co., Arthur H. 
Analyzers, Gas & Automatic 

Williams Apparatus Company. 
Anodes, eS a 

Acheson Graphite Co 
Asbestos Cloth, Yarn, Band- 

ing Tape and Fibre 

Asbestos Protected Metal ie. 
Asphalt Materials, all kinds 

Barber Asphalt Paving Co 
Assayers: See Professional 

Directory, Pagea 86:87. 
Automatic Weigh. Machs. 

Werner & Pfieiderer Co. 
Balances and Weights 

Bausch & Lomb Optical Co. 

Central Scientific Co 

Eimer & Amend 

Gaertner, Wm & Co 

Mine lw Smelter Supply Company. 

Palo Co 
Ball Mill« 

See Mille, Ball, Pebble, Tube 

Barrels—Bilge Steel 

Detroit Range Boiler Co 
Barrels—Steel Agitator 

Detroit Range Boller Co. 
Barrela—Steel Open Head 

Detroit Range Boller Co. 


Bauxite 

Lavino, E. J.. & Co. 
Beakers 

Fry, H. C., Glass Co. 
Belt Conveyors 

Caldwell, H. W., & Son Co. 


Stephens-Adamson Mfg. Co. 
Bins, Steel & Concrete 
Brown Hoisting Machinery Co 
Bleaching Powder 
Solvay Process Co. 
Wing & Evans. 
Blocks, Cupola 
Maurer, Hy.. & Son. 


Blowers, Fan or Positive 


Connersville Blower Co. 

Ger. Amer. Stoneware Wks. 

P. H. aod F. M. Roots Company. 
Blowers, Flotation | 

Connersville Blower Co. 

Roots, P. H. & F. M.. Co. | 
Boats, Combustion 

| 


See Combustion Boats 
Bolting “Cloth. Silk 
Abbé Engineering Co. 
ar. Paul O. 


Boo 
McGraw-Hill Book Company. 


Buffalo Forge Co. | 
| 
| 


Brick, Acid Proof 
Chemical Construction Co. 
Ger. Amer. Stoneware Wks. 
Harbison-Walker Refractories Co. 
M. 


Fire 
See Fire Brick and Claw 
Brick Insulating (Sil- 0-Cel) 
Kieselguhr Company of America. 
Brinell Machines 
Holz, Herman A. 
Brashes, Carbon 
National Carbon Co. 


Buckets, Clamshell & Drag 
Line 
Brown Hoisting Machinery Co. 


Backet Elevators 
Stephens-Adamson Mfg. Co. 
Burners, Gas and oil 
Rockwell, W. 8.. 
Burners Laboratory and In- 
dustrial 
Tirre!l Gas Mach. Lighting Co 
Burners, Sulphur 
See Sulphur Burner. 
Calcium Carbide 
Union Carbide Co. 
Calorimeters 
Palo Co 
Calorimeters, 
Eimer & Amend 
Gaertner, Wm., & Co 
Thomas Co., Arthur H. 
Carbons, Battery 
National Carbon Co 
Carbons, Resistance 
National Carbon Co. 
Cars, Indastrial 
Easton Car & Construction Co, 
Lakewood Engineering Co. 
Cars, Mine & Ore 
Easton Car & Constrgction Co, 
Lakewood Engineering Co. 
Cars, Tank 
See Tank Cars 
Cascade Basins, Acid Proof 
Acid Proof Iron Products Co. 
lburiron Castings Co. 


Fuel and Gas 


Thermal Syndicate, Ltd., The. 
Castings 
Perrin, Wm. R., & Co. 


Castings Acid: Heat Resisting 
Acid Proof Iron Products Co. 
Bethlehem Fdy. & Mach. Co. 
Ruffalo Fdy. & Mach. Co. 
Duriron Castings Co 
Fulton Foundry Co 

Castings, Chemical 
Acid Proof Iron Products Co. 
Bethlehem Fuy. & Mach. Co. 
Buffalo Fdy. & Mach. Co 
Duriron Castings Co 
Jacoby, Henry E 
Moore, Sam’! L., & Son 
Pacific Foundry Co. 

Sperry. D. R.. & Co 
Standard Foundry Company. 
Stevens-Alysworth Company. 
Valley Iron Works. 

Castings, Monel Metal 
Supplee-Biddle Hwe. Co. 

Castings. Special & Chilled 
Fulton Foundry Co 
U. 8. Cast Iron Pipe & Fdy. Co. 

Caustic Pots, Cast Iron 
Retblehem Fdy. & Mach. Co. 
Ruffalo Fdy. & Mach. Co. 

Fulton Foundry Co 
U. 8S. Cast Iron Pipe & Fdy. Co. 

Caustic Soda 
Electro Chemical Company, The. 
Solvay Process Co. 

Warner Chemical Co 
Wing & Evans. 

Causticizing Apparatus 
Zaremba Co. 

Cement, Acid Proof 
Chemical Construction Co. 

Sitti. J. 
Cement, 
Norton 
Centrifugal Dryers 

See Dryers. Centrifuaal 


Alandum 


Contrifenal Separators 


ee Separators, Centrifugal 
Centrifuges 


Sharples Specialty Co. 


Chemical ‘Apparatus 
Acid Proof ae Co. 
Badger, E. s Co. 
Bethlehem Fay. «& “i. Co. 
Buffalo Fdy. & Mach. Co 
Eimer & Amend. 

Duriron Castings Co. 

, me Enameled Products Co. 
Jacoby. Henry B. 

Manitowoc Engineering Works. 
Moore, Sam’! & Son. 
Pfandier Co., The. 

Pacific Foundry Co. 


Roos’, August, Son. 

Stuart & Peterson Co. 

nn, Syndicate, Ltd., The. 
Ss 


Cast Iron Pipe & Fdy. Co. 
Valley Iron Works, Williamsport, 
Pa. 
Chemicals 
Baker, J. T., Chem. Co. 


Bausch & Lomb Optical Co. 

Dow Chemical Co. 

Eimer & Amend. 

Lent & Naumann. 

Merck & Co. 

Riverside Acid Works. 

Solvay Process Co. 

Wing & Evans. 
Chemists, Manufacturing 

Raker, J. T., Chem. Co. 

Eimer & Amend. 

Merck & Co. 

Riverside Acid Works. 

Solvay Process Co 


Wing & Evans. 


Chemists and Chem. Engrs. 
See Professional Directory, Pages 
RO RT 
Chlorine, Liquid 
Electro Chemical Company, 
Solvay Process Co. 
Wing & Evans 
Warner Chemical Co. 
Chrome Brick 
Harbison-Walker Refractories Co 
Coal Grinding Machinery 
Aero Pulverizer Co 
Raymond Bros. Imnt 
Williams Patent 
verizer Co. 
Cocks, Acid Proof 
Duriron Castings Co 
Combustion Boats 
Engelhard, Chas. 
Norton Co. 
Combustion Engineers 
See Engineers. Combuation 
Concrete Roofs 
Asbestos Protected Metal Co. 
Condenser Tubes 
Duriron Castings Co 
Condensers, Barometric, 
Surface or Jet 
Buffalo Fdy. & Mach. Co 
Connersville Blower Co. 
Griscom-Russell Co., The 
P. H. and F. M. Roots Company 
Construction Engineers 
Moses, Pope and Messer. 
Consulting Engineers 
Westinghouse, Church, Kerr & Co 
Consinweons Rotary Vacuum 
Iters 
Ge al Filtration Co. 


Controllers, Temperature 
Sareo Co., Ine 


The. 


.» 


Pulv. Co 


Crusher & Pul 


Controllers, Thermostatic 
See Thermostate 

Conveying Machinery 
Caldwell, H. W., & Son Co, 
Stephens-Adamson Mfg. Co. 

Conveyor Scale 
Schaffer Eng. & Equip. Co. 

Conveyors or Feed Worms 
Acid Proof Iron Products Co. 
Caldwell, H. W., & Son Co. 
Duriron Castings Co. 
Werner & Pfleiderer Co 

Copper Clad Steel Wire 
Copper Clad Steel Co 

Copper, Silicon & Manganese 


Electric Smelt. & Alum. Co. 
Corrugated Roofing and 

Siding 

Asbestos Protected Metal Co. 
Cranes 

Brown Hoisting Machinery Co 
Critical Point Determina- 

tions 

Holz, Herman A. 
Crucibles 


Acheson Graphite Co. 

Acid Proof Iron Products Co. 

Bartley, Jonathan, Crucible Co. 

Duriron Castings Co. 

Thermal Syndicate, Ltd. 

Crushers and Grinders 

Abbé Eng’e Co. 

Abbé, Paul O. 

Aero Pulverizer Co. 

Colorado Iron Works Co. 

Hardinge Conical Mill Co. 

K-B Pulverizer Co. 

Kent Mill Co. 

Raymond Bros. Imp. Pulv. Co. 

Sturtevant Mill Co. 

Williams Patent Crusher & Pul- 
verizer Co. 

Crushers, Grdrs. Pulv., Lab. 

Abbé Eng’ Co. 

Abbé, Paul O. 

Eimer & Amend. 

Hardinge Conical Mill Co. 

Sturtevant Mill Co. 

Thomas Uo., Arthur H. 


Crystallizing Dishes 
Fry, H. &., Glass Co, 
Cupola Blocks: See Blocks,Cupola 
Cyanide Machinery 
See Machinery. Cyanide 


Cyanide, Quicksilver 
ne ust 
Atkins, Kroll & Co. 
Diaphragms 
General Filtration Co., Inc. 
Ditfusion Batteries 
Lummus, The W. E., Co. 
Swenson Evaporator Co. 
Digesters 


Elyria Enameled Products Co. 
Koven, L. O., & Bro. 
Manitowoc Engineering Works. 
Stuart & Peterson Co 
Swenson Evaporator Co. 
Werner & Ptieiderer Co. 
Distilling ay” Apparatus 
Badger. E. B., & Sons Co. 
Elyria Enameled Products 
Koven, L. 0., & Bro 
Lummus, The W. E., Co 
Pfaudier Co., The. 
Roos’, August, Son 
Stuart & Peterson Co. 
Werner & Pfleiderer Co. 
Zaremba Co. 
Door 
Codd, E. J., Co. 
Drums—Steel 
Detroit Range Boiler Co. 
Drums—Steel Open Head 
Detroit Range Boiler Co. 
Dry Blast Plants 
Carrier Engineering Corporation 
Webster & Co., Warren 
Dry Cell Filler 
Acheson Graphite Co. 
Dryers 
Redfield, R. S 
Stearns-Roger Mfg. Co. 
Dryers, Centrifugal 
Schaum & Uhlinger. Inc. 
Sharples Specialty Co. 
Tolhurst Mach. Works. 
Dryers, Vacuum 
See Vac. Drying Apparatus 
Drying Mach. & Apparatus 
See also Vac. Drying Apparatus 
American Process Co. 
Buffalo Forge Co 
Buffalo Fdy. & Machine Co. 
H., Co. 


Day, J. 
Koven, L. O & Bro. 
Engineering Works. 


Co. 


Manitowoc 
Swenson Evaporator Co. 
Werner & Pfleiderer Co. 
Wheeler Condenser & Eng. Co 
Dust Collecting Engineer’g 
Simon, Buhler & Bauman. 
U. 8S. Blow Pipe & Dust Collecting 
Co, 
Dust Collectors 
Knickerbocker Co. 


Raymond Bros. Imp. Pul. Co. 

Simon, Buhler & Bauman. 

U. 8. Blow Pipe & Dust Collecting 
Co. 

Williams Patent Crusher & Pul- 


verizer Co. 
Dust Systems 
Simon, Buhler & Bauman. 
U. 8S. Blow Pipe & Dust Collecting 
Co 
Dyetubs: See Tanke 
Dynamos, Electroplating 
See Electroplating Dynamos ; Sup- 
plies 
Dynamos and Motors 
Bogue, C. J., Elect. Co. 
Jantz & Leist Elect. Co. 
Westinghouse Eiectric & Mfg. Co. 
Electric Cranes: See Cranes 
Electric Mono-Rail Systems 
See Mono-Rail Syateme 
Electric Furnaces 
See Furnaces, Electric 
Electric Furnaces, Lab’y 
See Furnaces, Elec. Lab’y 
Electrical Testing Sets 
American Transformer Co. 


| Electricity, Motion, Speed 
and Time 
Schaeffer & Budenberg Mfg. Co. 
Electrodes, Carbon 


Acheson Graphite Co. 

National Carbon Co. 
Electrodes, Graphite 

Acheson Graphite 
Electrodes, Platinum 

American Platinum Works. 

Baker & Co., Inc. 
Electrolytic Cells 

Electro Chemical Company, The. 

Warner Chemica! Co. 
miSuppiies Dynamos: 

ar 


| Elevating Machinery 


Caldwell, H. W., 
Stephens-Adamson Mfg. Co. 








90 


Enameled Apparatus 
Elyria Enameled Apparatus Co 
Ptaudler OCo., The. 
Evam. Cast Iron Apparatus 
Acid Proof 
Sittig, J. . 


Eugineers, 
sulting, 
dustrial 

Kalbperry Corp., The 

Moses, Pope and Messer. 

Kuggles-Coles Engineering Co 

Williams Apparatus Company 
Engineers, Consulting 


See Professional Directory, 
SO :87 


Con- 
in- 


Chemical, 
Analytical, 


Pagea 


Engineers, Combustion 
Improved Equipment Co 


Engineers, Construction 
Chemical Construction Co 


Engineers and Contractors 


Westinghouse, Church, Kerr & Co 
Engineers, Furnace 
Rockwell, W. 8.. Co. 


Engineers, Pyrometric 
Gibb Instrument Co 
Holz, He 
Equipment 
Morse Bros. 
Philadelphia 
Evaporators 
Badger, E. B., & Sons, 
Buffalo Fdy. & Mach. Co. 


‘rma. A 


(2nd hand) 
Mach. & Supply Co. 
Machinery Exchange 


Co. 


Devine. J. P.. Co 
Griscom-Russell Co., The 
Jacoby. Henry E 
Lummus, The W. I Co 
Pfaudier Co., The. 
Redfield, R. &S 

Roos August, Son 


Sowers Manufacturing Co. 
Swenson Evaporator Co 
Werner & Prtieiderer Co 
Wheeler Condenser & Eng. Co 
Zaremba Co 

Extractors 
Lummus, The 

Fans 
B 


W. B., 


Co 


ge Co 
Raymond Bros. 
Williams Patent 
verizer Co, 
Feeders 
Stephens-Adamson 


Impt. Pulv 
Crusher 


Co 


& Pul 


Mfg. Co. 
Feed Water Heater 
Russell Co., The. 
Ferro-Alloys 
Goldschmidt Thermit 
Lavino, E. & Co 
leavitt, C & Co 
ndard A ve Co 
Vanadi Alloy Mfg. Ce 
Ferro-carbon—Titaniam 
ium Alloy Mfg. Co 


Filter Cloth 

Huyck, F. C., & Sous 
Filter Paper 

H. Reeve Angel & Co 


Filter Presses 
Colorado Iron Works Co 
Day, J. H Co 

1 Filtration Corporation 

Henry E. 
Kelly Filter Press Co 
Koven, L. O., 
Lusgwitz, Dr. E. E 
Perrin, Wm. R., . 
Redfield, R. S 
Shriver, T.. & Co 
Sperry, D. R.. & Co 
Sweetiand Filter Press Co 
Werner & Pfleiderer Co 

Filter Press Distil’y Grains | 
Swenson Evaporator Co 

Filtering Media 
General Filtration Co., 
Kleselguhr Co 


Griscon 
Co 


Sr 


Titar 


Inc. 
of America 


Filters, Laboratory: Alundum | 


Norton Co 
Filters, Water: See &tille 
Filtros 


General Filtration Co., Inc. 
Fire Brick and Clay 

Foote Mineral Co. 

Harbison-Walker Refractories Co 

Kieselguhr Co. of America. 


Maurer, Hy... & Son. 
Fireproof Building Mate- 

rials 

Asbestos Protected Metal Co 
Flasks 

Fry, H. C., Glass Co 
Fluorspar 

Lavino, E. J.. & Co 
Foundry Supplies 

Electric Smelting & Alum. Co 


Farnace Cores, Elec.: Alundum 


Norton 
Farnace Engineers 
Bee Engineers, Furnace 


Furnace Linings 
Kieselguhr Co. of America. 
Maurer, Hy., & Son. 

Farnace Linings. Graphite 
Acheson Graphite Co. 

Furnace, Chioridizsing and 
Sulphating 
Wedge Mechanical Furnace Co. 
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Furnaces, Cupola, Foundry 
Power & Mining Machy. Co. 


Furnaces, 
Metal 
Crowley 
Hamilton «& 
Leavitt. C, Co. 


Furnaces, Electric, 
Brown Instrument Co. 
Eimer & Amend 
Electric Htg. Apparatus 
Engelhard, Chas. 
Hoskins Mfg. Co 


Fuarnaces, Heat Treating 
Electric Htg. Apparatus Co. 
Engelhard, Chas. 
Hoskins Mfg. Co. 
Rockwell, W. 8 
Wedge Mechanical 


Furnace Hoists 
Brown Hoisting Machinery Co 


Furnaces, Melting: 
Ou, Ges or Powdered Coal 

Rockwell, W. Co. 
Farnaces, Muffle 

Electric Htg. Apparatus 

Hoskins Mfg. Co. 

Improved Equipment Co. 

Wedge Mechanical Furnace Co 
Furnaces, Roasting 

Pacific Foundry Co 

Wedge Mechanical Furnace Oo. 
Farnaces, Smelting 

Colorado Iron Works Co. 

Koven, L. O., & Bro. 

Pacific Foundry Co. 

Traylor Eng. & Mfg. Co. 

Wedge Mechanical Furnace Co. 
Furnaces, Sulphur 

Pacific Foundry Co 

Wedge Mechanical Furnace Oo. 
Gas Filters 

Simon, Buhler & Bauman. 
Gas Plants 

lirrill Gas Mach. Lighting Co 
Gas, Oxygen or Hydrogen 

International Oxygen Company. 
Gas Producers 

Improved Equipment Co. 

Morgan Const. Co 

Smith Gas Power Co., The. 
Gas Pumps and Exhausters 

See Pumpe, Gas, Liquid, Vaowwum 

Gas Washers 


Electric 
Kefning or Melting 
Co 
Hansell. 
li, 


Lab’y 


Co. 


Co. 


Furnace Co 


Co. 


Simon, Buhler & Bauman. 
Gages, Recording, Indi- 
eating, Draft, Pressure 


Bristol Co., The. 
Taylor Instrument Co. 


Thwing Instrument Co 
Gears 
Caldwell, H. W., & Son Co. 


Generators: 
See Dynamos and Motors 

Glass Blowing 

Eimer & Amend. 

Palo Co. 
Glazing Construction 

Asbestos Protected Metal Co 
Graphite 

Acheson Graphite Co. 


Grinders 
See Crushere and Grinders 
Grinding Wheels 
Norton Co. 
Hardness Testers 
Holz. Herman A. 
Pittsburgh Inst. & Mach. Co. 
Heaters, Feed Water 
Griscom-Russell Co. 
Heating Apparatus 
Buffalo Forge Co. 
Ruggles-Coles Engineering Oo. 
Hoists 
Brown Hoisting Machinery Co. 
Hydro Extractors 
Schaum & Uhlinger, 
Sharples Specialty Co. 
Tolburst Mach. 
Hydrogen Plants 
Improved Equipment Co, 
International Oxygen Company. 


Hydrometer Jars 
Fry, H. C., Glass Co. 
Instruments, Electrical and 
Testing 
Bristol Co., The. 
Eimer & Amend. 
Hoskins Mfg. . 
Leeds & Northrup. 
Pittsburgh Inst. & Mach. Co. 
Shore Instrument Co. 
Stupakoff Laboratories. 
Taylor Instrument Co. 
Thwing Instrument Co. 
Westinghouse Electric & Mfg. 


Inc. 


Co. 


Insulating Material, Heat 
Kieselguhr Co. of America. 


Iron and Steel, Corrugated 
Asbestos Protected Metal Co. 


Jets and Nozzles, Acid Proof 


Duriron Castings Co. 


Joints 
Goldschmidt Thermit Co. 


Kettles, Acid Proof 
Acid Proof Iron Products Co 
Duriron Castings Co. 
Fulton Foundry Co. 
Pfaudler Co., The. 


Kettles, Cast Iron 
Buffalo Fdy. & Machine Co. 
Koven, L. O., & Bro 
Sowers Manufacturing Co. 
Stevens-Alysworth a 
U. 8. Cast Iron Pipe & 
Werner & Pfieiderer Co. 


Kettles, Steam-Jacketed 
Buffalo Fdy. & Machine Co. 
Elyria Enameled Products Co. 
Pfaudler Company, The. 
Stuart & Peterson Co. 
Werner & Pfleiderer Co. 


Kettles, Stoneware 
Ger.-American Stoneware Works. 
Knight, M. A. 


Kiln, Lime 
Improved Equipment Co. 


Kiln, Rotary & Nodalizing 
American Process Co. 


"Pay. Co. 


Laboratory Supplies 
Eimer & Amend. 
Gaertner, Wm., & Co. 
Hoskins Mfg. Co. 
Leeds & Northrup 
Lent & Naumann 
Palo Co. 

Thermal Syndicate. 
Thomas Co., 


Lifts. Air Je 
Bethlehem Fay. & Mach. Co. 


Machinery, Agitating 
Derr Co., The 
Werner & Pflelderer Co. 


Machinery. 
Dorr Co., The 


Ltd. 
Arthur H. 


Classifying 


Machinery, Concentrating 
Colorado Iron Works Co. 
Dorr Co., The. 
Kent Mill Co 
Mine and Smelter Supply Company. 
Ruggles-Coles Engineering Co. 
Swenson Evaporator Co 


Machinery, 
Elevating 
Caldwell, H. W., & Son Co. 
Stephens-Adamson Mfg. Co. 


Machinery. Cyanide 
Colorado Iron Works Co. 
Dorr Co., The 


Machinery, Elevating or 
Conveying 
Caldwell, H. W., & Son Co. 


gO arr, 
ni 


Abbé Eng’ co 

Abbé, Paul O. 

Aero Pulverizer Co. 

American Process Co. 

Colorado Iron Works Co. 

Dorr Co., The 

Dwight & Lloyd Sintering Co. 

General Filtration Co., Ine. 

Hardinge Conical Mill Co. 

Kelly Filter Press Co. 

K-B Pulverizer Co. 

Kent Mill Co. 

Lungwitz, Dr. B. 

Mine and Smelter Supply Com 

Minerals Sep. Amer. 
(1913), Ltd. 

Morse Bros. Mach. & Supply Co., 

Pacific Foundry Co. 

Raymond Bros. Imp. Puly. Co. 

Ruggles, Coles Eng’g Co. 

Stearns-Roger Mfg. Co. 

Sturtevant Mill . 

Sweetiand Filter Press Co. 

Wedge Mechanical Furnace Oo. 


ae Mixing and 
Knead 
Abbé Eng’ 
Abbé, Paul O. 
Buffalo Fdy. & Mach. Co. 
Day H., Co. 


Conveying & 


ny 


Sowers Manufacturing Co. 

Werner & Pfleiderer Co. 
Machinery, Ore 

Brown Hoisting Machinery Co. 
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Machinery, Pualwerizsing 
Abbé Eng’g Co. 
Abbé, Paul O. 
Aero Pulverizer Co. 
Day, J. H., Co. 
Dunning, Ww. D. 
Hardinge Conical Mill Co. 
K-B Pulverizer Co 
Kent Mill Co. 
Mead & Co 
Raymond Bros. 
Sturtevant Mill Co 
Williams Patent 

verizer Co. 


Machinery, Soap 
Dunning, - 


Machinery, Special 
Buffalo Fdy. & Machine Co. 
Fulton Foundry Co 
Werner & Pfieiderer Co. 


Machinery, Thickening and 
Dewatering 
Dorr Co., The 
Werner & Pflelderer Co. 


Machinery, Wood Palp 
Swenson Evaporator . 


Magnetic Clatches 
Cutler Hammer Clutch Oo. 


Magnetic Dise 
rect current) 
Cutler Hammer Clutch Co. 


Brakes (di- 


Magnetic Separators 
Cutler Hammer Clutch Co. 


Magnesite 
Foote Mineral Co. 
Harbison-Walker Refractories Co. 
Levensaler-Spier Corp. 


Magnesium Metal 
Aviation Materials Corp's. 
Leavitt, C. W., 

Norton Laboratories, Ine. 


Metallographic Apparatus 
Holz, Herman A. 
Palo Co. 


Metallo-Radiographic 
Holz, Herman Co 


Metallurgical Engineers 
See Profeasional Directory, Pages 
RO RT 
Metallargical Processes 
Dorr Co., The 
Dwight & Liocyd Sintering Or 
Minerals Sep Amer. Syndicate 
(1913). Ltd 


Metal, Asbestos Protected 
Asbestos Protected Metal Co. 


Metals 
Goldschmidt 
Lavino, E. J 
Leavitt, C. W., & Co 


Microscopes 
Eimer & Amend 
Palo Co 
Thomas ©o., Arthur H 


Mills, Ball, Pebble and T.:'.- 
Abbé Eng'’g Co. 
Abbé, Paul O 
Colorado Iron Works Co 
Hardinge Conical Mill Co. 
Sittig, w. 


Mills, Conteal 
Hardinge Conical Mill Co 
Mills, Emery 
Sturtevant Mitt 
Minerals 
Foote Mineral Co. 
Mixing Tanks 
Pfaudler Company, 


Molybdenum Ore 
Foote Mineral Co. 


Thermit Co. 
. Co 


Co 


The. 


Molybdenum Wire 
Holz, Herman Co. 


Monel Metal 
Supplee-Biddle Hdwe. Co. 


Montejus, Automatic 
Bethlehem Fdy. & Mch. Co. 
Buffalo Fdy. & Mach. Co. 

Muaffies, Alundum 
Norton . 

Maltiple Effect Bestia. App 
Swenson Evaporator Oo. 


Nozzle, Spray 
Buffalo Forge Co. 


Ores: See Rare Minerals and Ores 
Ore and Coal Handling Ma- 
chineryv 
Brown Hoisting Machinery Co. 


Oxide, Gas Purifying 
Lavino, « & Co. 


Oxygen Cylinders 
International Oxygen Company. 
Gzygee or Hydrogen Gener- 

ating Equipment 
International Oxygen Company. 
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Paint Pigment, Graphite 
Acheson Graphite Co. 


Paints, Acid Proof & Tech- 
nica 
Toch Brothers 


Barber Asphalt Paving Co. 


Pans, Crystallizing 
Pfaudler Company, The. 


Patent Attorneys 
See Professional Directory, Pages 


RO :87 
Pebbles, Flint 
Atkins, Kroll & Co 


Pebble Millis 


See Milla, Ball, Pebble and Tube 


Petri Dishes 


Fry, H. C., Glass Co 
Pi Po. Cast Iro : 
‘i 8. Cast ion Pipe & Fdy. Co. 


Pipe & Fittings, Acid Proof 
Acid Proof Iron Products Co. 
Chadwick-Boston Lead Co., The. 
Duriron Castings Co. 

Elyria Enameled Products Co. 
German-American Stoneware Wks. 
Knight, M. A. 

Koos’, August, Son 

Stuart & Peterson Co. 

Thermal Syndicate, Ltd. 

Wyckoff, A., & Son Co 


Pipe & Fittin gd Lead, Tin 
or Silwer L 
Badger, E. B., & Sons Co. 
Chadwick-Boston Lead Co., The. 
Platinam 
American Platinum Works. 
Baker & Co., Inc. 
Eimer & Amend 
Palo Co. 
Thomas Oo., Arthur H 


Platinum Thermocouples 
Holz, Herman A. 


Plug Cocks: See Cocks, Acid Proof 


Porcelain Ware 
Sittig, J 


Acid Proof 

Acid Proof Iron Products Co 
Duriron Castings Co. 

Fulton Foundry ( 

Knight, M. A 

Moore, Sam'! L., & Son 
Werner & Pflelderer Co 


Pulmotor, Type B. : 
Draeger Oxygen Apparatus Co 


Pualwerizers, Laboratory 
Bee Crushers. Grinders, Pulver 
izers, Laboratory 


Pulwerizsing Machinery 
See Machinery, Pulverizing 


Pumps. Acid 
Abbé Eng. Co 
Devine, J. P.. Co 
Duriron Castings Co 
German-American Stoneware 
Knight. M. A 
Sittig, J. W 


Wks 


Pamps. Centrifagal 
Abbé Bng. Co 
Duriron Castings Co 
Pelton Water Wheel Co 


Pamps, Gas, Liq, or Vacuum 
Abbé Engineering Co. 
Buffalo Fdy. & Mach. Ose. 
Connersville pre Co. 
Devine, 
Nash Engineer! 
P. H. and F. 
Sittig, J. W. 


Pamps. Rotary, Oil or Water 
Abbé Eng. Co. 
Connersville Blower Co. 
Pelton Water Wheel Co. 


ae oo Roots , — 


P. H. and F. M. Roots Company 
Pyrites 

Lavino, BE. J.. & Co. 
Pyrometers 


Bristol Co., The. 
Eimer & Amend. 
Engelhard, Chas. 
Gibb Instrument Co. 
Holz, Herman A. 
Hoskins Mfg. Co. 
Top Northrup. 


Palo 

Shore Instrument Co. 
Stupakoff Laboratories 
Taylor Instrument Co. 
Thomas Co., Arthur H. 
Thwing Instrument Co. 
Uehling Instrument Co. 


Pyrometer Installations 
Gibb Instrument Co. 
Holz, Herman A. 


Pyrometer Protection Tubes 
Carbofraz, Refraz 4@ Biifraa 
Engelhard, Chas. 
Thermal Syndicate, Ltd.. The. 
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Pyrometer Sheets, Graphite 
Acheson Graphite Co 


Pyroscope 
Shore Instrument Co 
Quarts Glass 
Eimer & Amend. 
Engelhard, Chas 
Radiam 
Eimer & 
Lenz & 
Railways. 
Portable 
Easton Car & Construction Co. 
Lakewood Engineering Co. 


Rare Minerals and Ores 


Amend. 
Naumann 


Industrial & 


Atkins, Kroll & Co. 
Foote Mineral oe 
Lavino, E. J.. & 


Leavitt. C. W.. & "> 
Recalescence Outfits 
Holz, Herman A 


Recorders, CO, 
Sarco Company, Inc 
Uebling Instrument Co. 


Recording [natruments, 
Pressure, Temperature, 
Electricity, Motion, 
Speed, Time 

Bristol Co., The. 
Engelhard, Chas 
Holz, Herman A 
Hoskins Mfg. Co 
Leeds & Northrup 
Taylor Instrument Co 
Thwing Instrument Co 
Uehling Instrument Co 


Refractories 
Foote Mineral Co. 
Kleselgubr Co. of America 
Maurer, Hy., & Son 
Norton Co 


Regulators, 
midity 
Carrier Eaatacretnn Corp 
Webster & Co., Warren 
emabatene, Pressure 
Connersville Blower Co 


Automatic Ha- 





P. H. and F. M. Roots Company 
Regulators, Temperatare 
See Temperature Controllera 
Regulators, Water Tem- 

perature 

Saree ton any Ir 
Resistance Wire 

See Wire Reeiatance 
Resistant Chemical Glass- 

ware 

Fry, H. C., Glass C 
Retorts« 

Bartley, Jonathan. Crue. Co 

Buffalo Fdy. & Mach. Co 
Retorts., Acid 

Ruffalo Fav. & Mach. Co 

Fulton Foundry ( 
Reofings—Fume Proof 

Asbestos Protected Metal Co 

Brown Hoisting Machinery Co 
Rotary Converters 

Westinghouse Electric & Mfg. Co 
Rotary Vacuum Filters 


General Filtration Co., Ine 
Ratile 
American Ruttle Co 
Sentes, Weitghing 
Werner & Pflelderer Co 


Scleroscope 
Holz, Herman A 
Shore Instrument Co. 


Screening Machinery 
Stephens-Adamson Mfg. Co. 


Worthington Pump & Mach. Corp. 
Screens 

Colorado Iron Works Co. 

Day. J. H., Co. 


Kent Mill Co. 
Sturtevant Mil! Co. 


Scrubbers Gas 
Buffalo Forge Co 


Separators, Air 
Aero Pulverizer Co. 
Raymond Bros. Imp. Puly. Co. 
Williams Patent Crusher & Pul- 
verizer Co. 


Separators, Steam pas oil 
Griscom-Russell Co., 


Separators, acecesiitiani 
Schaum & Uhblinger. Inc. 
Sharples Specialty Co. 
Tolhuret Mach. s. 





Silica Brich 
liarbison-Walker Refractories Oo, 


Silica, Fused 

Thermal Syndicate, Ltd., The. 

Sinks, Acid-Proof, Stone- 
ware 


Knight. M. A. 


Sintering Processes 

Dwight & Lloyd Sintering Co. 
Special Alloys 

Standard Alloys Co. 
Spray Nozzles: See Nozzles, Spray 


Steel, Chrome, Nickel, 
Chrome, Vanadium Elec- 
tric Spring 

Crowley, J. A., Co 
Steel Sheets: See Sheets, 
Stills 
Badger, E. B., & Sons Co. 
Eimer & Amend, 
Fulton Foundry Co. 
Griscom-Russell Co., The. 
Lummus, The W. E., Co. 

August, Son 
Stevens-Alysworth Company. 
Thomas Co., Arthur H. 

Werner & Pfleiderer Co. 
Zaremba Co. 

Stirrers 
Acheson Graphite Co. 

Acid Proof Iron Products Co. 
Duriron Castings Co. 
Werner & Pfleiderer Co. 

Stoneware, Chemical 

German-American Stoneware Wks. 
Knight, M. A. 


Steel 


Roos 


Sittig, J. 
Stoppers 

Bartley, Jonathan, Crucible Co 
Stoppers, Soeter 

Knight, A. 


Salphur iain 
Carthage Machine Company. 
Glens Falls Machine Works 
Valley Iron Works. 
Sulphur, Crude 
Union Sulpbur Co., The 
Sulphuric Acid Plants 
Kalbperry Corp 
Switchboards 
Westinghouse Electric & Mfg. Co. 


Syphons, Acid 
German-American Stoneware Wks. 
Tanka, all kinds 
Stevens-Alysworth Company. 
Tanks, Acid 
Chadwick-Boston Lead Co., 
Chemical Construction Co. 
4 Enameled Products Co. 
fA 





The. 


Pfaudler Co., The. 

Stuart & Peterson Co. 
Tanks—Air 

Detroit Range Boiler Co 
Tanks, Electrolytic 

Knight, M. A. 


Tanks, Steel 
Hamburg Boiler Works. 
Manitowoc Engineering 
Stevens Brothers. 


Works. 


Tanks, Storage 
Chadwick-Boston Lead Co., The. 
Corcoran, A. J., Inc. 

Detroit Range Boller Co. 
German-American Stoneware Wks 
Hauser-Stander Tank Co. 

Knight, M. 

Koven, L. 0., & Rro. 

Lummus, The W. E., Co. 
Pfaudler Co., The. 


Tanks, Wood 
Corcoran, A. J., Inc. 
Hauser-Stander Tank Co. 


Testing Machines, Metal 
Holz, Herman A. 
Shore Instrument Co. 


Thermit 
Goldschmidt Thermit Co. 


Thermometers 
Bausch & Lomb Optical Co. 
Bristol Co., The. 
Engelhard, Chas. 
Leeds & Northrup. 
Lenz & Naumann. 
Palo Oo. 
Taylor Instrument Co. 
Thwing Instrument Co. 


Weinhagen, 
Thermostats 

Sarco Company, Inc. 
Tile 

Maurer, Hy., & Son. 
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Titan Bronze 

Mtan Metal Co. 
Titanium 

Goldschmidt Thermit Co. 
Titanium Ores 

American Rutile Co 

Foote Mineral Co. 

Vanadium Alley Mfg. Co. 
Towers, Acid Proof 

Acia LVroof Iron Products Co. 

Chemical Construction Co, 

ituriron Castings Co. 

Knight, M 

Thermal! Syndicate, Ltd.. The 
Tracks, Industrial and 

Portable 

Easton Car & Construction Ce. 

Lakewood Engineering Co. 
Transformers 

American Transformer Co 

Westinghouse Electric & Mfg. Oo. 
Transmission Machinery 

Stephens-Adamson Mfg. Co. 
Traps, Steam 

Sarco Company, In 


Trolleys, I Beam 


Brown Hoisting Machinery C<¢ 
Tube Mills 
See Mille, Ball, Pebble, Tube 


Tengsten Arc 
Holz, Herman A. 


Lamps 


Turntables, Industrial Rail- 
way 
Easton Car & Construction Co 
Lakewood Engineering Co 


Type B Pulmotor 
Draeger Oxygen Apparatus Co 


Vacuam ~e ¥ - A ponentes 

Buffalo Fdy. Mach. 

Devine, J. 

Jacoby, Hy. Pp. 

Sowers Manufacturing Co. 

Werner & Pfieiderer Oo 
Vacuum Filters 

tractors 
General Filtration Co., Inc 


or Con- 


Vacuum Pans 
Badger, E. B., & Bons Co 
Buffalo Fdy. & "a Co 
P 


Devine, J 

Lummus The ‘Ww > 
Pfaudler Company, The 
toos August, Son 


Sowers Manufacturir iz Co 
Swenson Evaporator Co 
Werner & Pfleiderer Co 
Zaremba Co. 


Vacuum Pumps 
Abbé Eng. Co 
Crowell Mfg. Co 
Roots, P. H., & F. M. Co 
Valves. Acid-Proof 
Acid Proof Iron Products ( 
Duriron Castings Co 
Knight, M. A 
Valves, Vacuum 
Sareo Cor iny, Inc 


Vats, Acid-Proof 
Acid Proof Iren Products ¢ 
Duriron Castings Co 


Water Wheels 


Pelton Water Wheel Co. 
Waugh Glazing Construc- 
tion 


Asbestos Protected Metal Oompany 
Weighing Machines 

Schaffer Eng. & Equipment Co 

Sturtevant Mill Co. 

Werner & Pflelderer Co. 


Welding Materials 
Acheson Graphite Co. 
Goldschmidt-Thermit Co. 
International Oxygen Company 
National Carbon Co. 


Welding, Oxy-Acetylene, 
Oxy-Hydrogen 
International Oxygen Company. 


Welding, Thermit Proces« 
Goldscbmidt Thermit Co. 


Wheels, Ca 
Lehigh Car, 


Wire 

Copper Clad Steel Co 
Wire, Resistance 

Driver, Harris Wire Co. 
Wood Pipe 

Wyckoff, A., & Son Co. 
Wood Distillation 

Badger, E. B., & Sons Co 

Lummus, The W. E., Co. 

a nous Engineering Works 


Moses, +. and Messer. 
Zaremba 


r 
Wheel & Axle Wks 


| Wood Tanks 


Corcoran, A. J., 
Hauser-Stander Teck Co. 
X-Ray Equipment for Metal 
Testing 
Holz, ermen A. 


Zirconia 
Foote Mineral Oo. 
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The Capacity of a 
“VESUVIUS” 


Sulphur Burner 
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is great in proportion to its size 
—-it takes up less space than 
rotary burners—eliminates the 
use of power and of heating— 
requires no_ hand-firing— 
there's an entire absence of 
sublimation and need for fre- 
quent cleaning—no dirty fires 
since dirt and impurities are 
carried away by the flow of sul- 
phur into the bottom chamber. 

The “Vesuvius” requires no 
expert attention in making and 
determining the quality of the 
gas. Its efficiency and econ- 
omy in converting sulphur into 
sulphur dioxide for any pur- 
pose makes it worth your while 
to investigate. 


a 





Made in nine sizes—from small laboratory burners up to nine-ton capacity. 
Write today for particulars regarding its use for your special purposes 


Valley Iron Works Co., Appleton, Wis. 


Canadian Builders, Waterous Engine Works, Brantford, Ontario 
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This parti ar Bris Pyromete 
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Bristol 


Pyromet 
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On your next Chemical Order— 


Specify 
“BAKER’S 
Analyzed” 


Chemicals & Acids 


After a trial you will spec- 
ify them on ALL your or- 
ders, because you will find 
them dependable reagents 
of the highest quality and 
uniformity. 


An Accurate Analysis 
Appears on the Label of 
Each Bottle. 


Catalogue on Request 


J.T. Baker Chemical 
Co. 


Phillipsburg, N. J. 


AND CHEMICAL 


The Pioneer Pyrenees stl slenapndd iyi 


Write for Bulletin 205-E 


THE BRISTOL COMPANY, WATERBURY, CONN. 


BRANCH OFFICES: 
PITTSBURGH 
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CHICAGO SA.4 FRANCISCO 








For iong life under 
extreme conditions and 
temperature try 


Nichrome 
CASTINGS 


‘‘Withstanding oxidation made 
the Nichrorae reputation’”’ 


Prices and data on request 


| Dittver: oR- HARRIS WirE GO, 


Cr ICAGO MANCHESTER 
28 JEFFERSON St HARRISON, Neel. ENGLAND 


































































